










nr, 


pl#®|| 

t* / c— -. ^ ■' 








Department of Energy Declassification 


Review 

Determination: (Circle Numberfell 
XCIassmcadon Retained _ 
^Classification Changed To: C 


^ Contains No DOE CJassiflod 

4. Coordinate With:_ 

^Classification Cancoflad 
fiirClassified Info Bracketed 
'■ Jther {Specify) 


I" Review Data: 5f IT// 

Authority; n DC^y DD 


*r»* *3* LX w\.'45^- 4 . 


.w ^ -jc - «u/«r 


^sS... 


Jfianfjatfan district History 

Il-*-^t?aseo«s trust <»* (^.'•■^5 jt 


k •Thi'*. ^^^fc^|^^^^^5trlcted Da 4 
t defined *** AmB Energy Act of 






to eng 


REDACTED COPY 














» 

{ 



UWaLTtWf DISTRICT HIS TORY 

300K II • 4AS30IB DIFFUSION (X-2S) PROJECT 

» 

70 LQI 8 a - nSSRARCS 




1 



'** • • •■*< defint* 

’Mibd dCT^on l'^ < ‘ a "»nrtttf 
'° n J a ““"Oar (4 


■ I 



f 


I 



0 R 0 ?j 3 a; 


>50 




para?!© 


Volume 8 prevents an aooount of K»25 research and development ac¬ 
tivities* excluding work ooxmeotod with the special chemicals develop* 
sent program* which is covered In Book VII* the purpose* adminis¬ 
tration* contractual arrangements* and general theory are dlsoussod* 
and an aooount is presented of the development of diffusion barrier* 
special pumps* and speolal inetmsaents* this is followed by a de- 
soriptlon of pilot plant work* ohenloel and physioal studies* safety 
and security aspects* ooets* organisation* and personnel* Other phases 
of the K*26 Project are dealt with in separate volumes of Book II as 
followsi 

Volune 1 • General Feat u res 
Volinas 3 - Design 
Voluas 4 • Construction 
Volinas 6 * Operation 

Activities described extend from the earliest OSRD contracts* 
negotiated in July 1941* for the study of the diffusion process* to 
81 December 1946* by whloh time the basic K*26 research program had 
been completed* and administrative responsibility passed from the 
Manhattan District to the United States Atoede Energy Commission* 

A number of appendices are attached to illustrate the text by means 
of tabulations* diarts* photographs* file references* doousantary ex* 
hiblts* and a glossary* References indicated by parentheses* as (App* 
Bl)* (App* C12)* etc** refer to Iton 1 of Appendix B* Item 12 of 
Appendix C* etc* Asterisks refer to the Glossary* Appendix F* 

the Summary contains an abstract of every major subject treated 


In Volune 2 9 Porafpreiph nurbeirs In the Sumraary oorroapond to aootlon 
numbers in the min text* 
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1« Introduction# - Research and development activities directed 
toward the solution of problems encountered in the concentration of 
Uranium-235 by the method of gaseous diffusion, comprised primarily/ 
the choice of a suitable feed material, the development of diffusion 
barriers, process pumps, seals, and oontrol instruments, and the adap¬ 
tion of this equipment to use in the presence of prooess gas# Research 
programs were centered in a number of university and industrial labora¬ 
tories under contracts administered principally by the Columbia Area 
Engineer# , 

2# Contractual Arrangements# - The diffusion method was first 
seriously considered at Columbia University in 1940# Columbia was 
subsequently awarded contract OEUsr-106 by the Offioe of Scientific 
Research and Development, covering the period of 1 July 1941 to 30 June 
1942, the work to be directed by Dr# J# R# Dunning# Contract OEHar-412 
authorised an expanded program under the direction of Dr# H. C# Urey 
from 1 December 1941 to 30 April 1943* Effective 1 Uaj 1943# the 
Columbia diffusion studies were placed under Manhattan Die tile t contract 
W-7405-eng-50, and the laboratories came to be known by the code name 
of "SAM LaboratoriesThese eontraete called for research and develop¬ 
ment work looking toward the design, construction, and operation of a 
production plant, and evaluation of the diffusion method in comparison 
with alternate isotope eeparation method e# In fulfillment of their 
major commitments, it was necessary for The M# W. Kellogg Company and 
the Kellex Corporation also to engage In considerable research and 







development work on such subjects as barrier manufacture and properties, 
corrosion, special chemicals, pumps, valves, and control instruments* 

In discharging its responsibility as operating contractor for the £-25 
plant, the Carbide and Carbon Chemicals Corporation sponsored a number 

of research activities at the Unde Air Products Company, fiakelite Corp- 

* 

oration. Union Carbids and Carbon Corporation, Metals Disintegrating 
Company, and the Sharpies Corporation. Effective 1 February 1945, the 
baaio diffusion process research program was transferred from Colcusbia 
University to Carbide under eontract 9-7405-eng-26. Other principal 
prims contractors include the Bell Telephone Laboratories, frinoeton 
University, (Mo State University, California Institute of Technology, 
and the Intercheoical Corporation. 

m 

9 

• 3* General Theory of the Oasocus Diffusion Propose. - When the 

t 

fissionable properties of the U-235 isotope wore discovered in 1940, 
the importance of separating it from the non-fissionable Uranium-230 

t 

beoame apparent* A group of investigators at Colnotoia University attacked 
the problem by the method of gaseous diffusion. The baeio working 
principle of gaseous diffusion was discovered by T. Graham in 1029, but 

w 

the £-25 plant represents its first commercial application. The funds- 

e 

mental theory for a practical diffusion separation plant was worked out 
by Karl Cohan at Columbia* If a mixture of two gases is placed in a 
container whose walls contain a large number of small perforations, and 

e 

the vessel is surrounded by an evacuated space, the respective rates of 
escape of the two components will be in proportion to the respective 
concentrations, and inversely in proportion to the square roots of the 
respective molecular weights. Thus, the diffueate will be richer in 
lighter component than the original gae. In order to prevent the building 



r 





up of a baok pressure in the outer space, and the continuous decrease 
of light component concentration and total pressure within the container, 
a steady slate any be Maintained by continuously withdrawing enriched 
diffueate from the outer space,and partially depleted residue from the 
container, and continuously supplying the container with fresh feed* 

The K-25 cascade is a repeating series of e qu i p me n t duplicating this 
procedure continuously, 24 hours a day. The "outer space" is enclosed 
by a diffuser, or "converter." The perforated wall is referred to as 
"barrier." A control valve and two gas puape are provided to regulate 
gas flew and pressure, and a cooler rsnores the heat of puaping. These 
are the el eatents of a practical "stagsJ"» The K-25 cascade contains 
2892 such stages) the K-27 oaeoade contains an additional 540. In order 
to prevent ordinary, non-separative ones flow of gas, the site of the 


barrier apertures should preferably be below the assn free path of the 


process gas Molecules, or on the order of 0.0000004 inch. 




DELETED 


'■a -f? 1- ' -1 i7 r 1 -'- ■ - v • —a*— 


^/''factors tending to 


reduce the efficiency of separation arei back diffusion of diffusate. 
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"jostling" (intra-aperture collisions in which light, fast-noving Mole¬ 


cules are retarded by striking heavy Molecules), non-soperative viscous 
flow, surface fi^p flow, nixing inefficiency (for net ion of depleted 

r 

regions immediately adjacent to the up-strean barrier face), pinholes 


and leaks, and variations in barrier permeability. The gaseous diffus¬ 
ion research program was expanded in Decsober 1942, at whioh tine the 

kanhattan District requested the U. W. Kellogg Company (whioh was work- 

» 

ing under 02ED contract QEUsr-406) to continue its research work and 


undertake the immediate design of a 1 kilogram per day 90 per cent U-235 



gaseous diffusion plant. The Kellex Corporation subsidiary was created 
to prosecute this work. Fundamental research was to be done at Columbia 
under Dr. K. C. Urey, with special studies carried on at the £ell Tele¬ 
phone Laboratories, Princeton University, and the Jersey City Laborator¬ 
ies of the Kellogg Company. In early 1942 discussions were held with a 
group of British investigators regarding fundamental alternative plant 
designs. 

4. Develops* "*- ot Diffusion Barriers. - In the latter part of 
1941 the search was begun for a barrier material of the required porous 
structure, and with suitable resistance to corrosion by UF$. The first 
crude samples were tested with UF$ in 1942, and a method of routine 
barrier testing was then developed baaed on the use of mixtures of 
helium and carbon dioxide as a working su b stance. The separation factor 
ia defined as the ratio of relative concentration of desired component 
after processing, to its relative concentration before processing. 
Relative concentration is the molecular ratio of U*®^F$ to U^°F$ present 
in the process material. From Graham's lax, the ideal single stage sep¬ 
aration factor is V352/349 = 1.0043* The actual separation factor is an 

increasing function of fineness and porosity of barrier apertures. The 

> 

porosity of barriers is rated by defining a "permeability" concept as the 
ratio of actual flow through the barrier, under specified test conditions, 
to the flow which would occur by molecular effusion if the barrier were 
not present. Permeability is dependent upon operating pressures, in¬ 
creasing as the difference between fore pressure and back pressure is 
increased. It is also an increasing Amotion of the number and else 
of barrier apertures per unit area. Important chemical properties of 


barrier include ite plugging characteristics (tendency of perme¬ 
ability to decrease with use as a result of UF$ corrosion products 
lodging in the apertures) and its consumption rate (tendency to 
react sith and consume the valuable but corrosive process fluid*) 



else of diffuser from the feed point to the ends of the cascade* 
Practical plant design required standardisation of a small number 
of equipment sises* 

^ t 
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Prior to 1943 many preliminary types of barrier were tested 
at Colusfeia* ffheh the university was awarded contract H-74Q5“eng-50, 
a division of the SAM Laboratories was established for the specific 
purpose of studying new barriers* 
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These barriers were brittle. 
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difficult to handle and manufacture, and poor in resistance to corrosion. 
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The product, however, showed an unsatisfactory separation 

— T 

Samples examined by Kell ex showed good process properties and fair b & 


factor. I 
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meehanical strength. 
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/Kellex cooperated, and undertood. a survey 


of industry to find a co«p—y to handle ultimate manufacture. 
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A number of other contracts were awarded to outside agencies for special 
development of critical items. 
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J In January 1943, a oontlnuoua pro¬ 
duction pilot plant waa designed at the Columbia Schenoerhom Labora¬ 
tory. During the remainder of that year, a steady inproraaant in tha 
properties of A barrier was effected, but in January 1944* at a Meting 
of Manhattan District officials with HoudaiHe-Hershay, Kellsx, Carbide* 
and 8AM reprsaentatiTea, plans were made for the iesedlate conrerslon 
of the HouAaille-Herahey plant fron A barrier production to K-l (later 
known as DA) barrier Manufacture* The A barrier was abandoned because 

I 

of unsatisfactory aechanioal properties, and difficult manufacturing 


voe 

k'*') 


problems* At this tine responsibility for coordination of all future 

barrier research was assigned to Carbide* 

M ,___ m f ~ ] , m i m . .. - 
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J The oethod produced samples which showed 


good diffusion process properties* 
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The DA barrier was studied by £• 0* Norris and W* F. Libby 
at Columbia during the period when emphasis was being placed on A barrier 
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development. It was alto etudied by the Ball Telephone Company and the 


Kellex Corporation. 
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^ The material «&i than 

formed Into aheete by passage through a oalandar. Thia muoh of the 


manufacturing waa handled by the Bakalita Corporation. 
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Thia 


material shows excellent oorroaion resistance after fluorination and 


exposure to UF£, superior sejferating efficiency, and good meehunioal 
stability. Moreover, the manufacturing jrocean is comparatively simple. 






VB barrier exhibita a greater plugging tendency than DA* but ia oapable 
of very eatiafactory reconditioning • Production waa carried out by the 
Linde Air Produots (tanpany from January 1945 until March 1946* 
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/ The aajority of the atagea of the K-25 eaaoade are fitted 

idth DA barrier; KB has been uaed in about 50 atagea* 
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Strenuous efforta were 


aade to utiliae doaeatic powdeye, and two acceptable varieties were 

eventually developed, one eanufacturad by International Nickel at 

» 

Huntington, West Virginia, and by the Metals Disintegrating Company at 
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Elisabeth, Nnr Jerspy, and the other at the Elisabeth plant using 
nickel oxide obtained from the Linde Air Products Company at Tonawanda, 
Mew York* A third type was subsequently developed and produced by Linde, 
using an improved prooess which greatly increased the rate of production. 
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It was manufactured by 

H w«i» wiwnriirTriiwi M i j i,^ ,i i,« n uuj minim rrum wnm uim>ign iiiimin 

Linde for several months, and will be tested by installation in several 
stages of the K-27 cascade. 

5* Development of ft^ne fl - It was realised in the early 

stages of the prooess pump development program that a satisfactory 
stage puatp would have to have absolutely no loss of process gas, very 
little inleakage of inert gases, no inleakage of oil or condensable 
vapor, minimum holdup volume, high resistance to corrosion, a wide 
range of capacity and compression ratio, ability to handle very dense 
gas, and high efficiency of operation. These requirements could best 
be met by development of a centrifugal type pump. Ultimate choice was 
made of a single ytage arrangement with overhung shaft, a single triplex 
seal, and a compression ratio of about As produced by the Allis- 

Chalmers Manufacturing Company, the impeller is built up by welding 

from plates, rings, and blades of sheet monel, and consists of 20 squally 

» 

spaced blades which are curved with a backward sweep. The front and 





back piataa ara cold forced in i/l hydraulic press* Tha aoroll and 
diffuaer ara aada of internally nickel-clad steal, and all eating 
Joint* ara waldad. 

Earl/ pucp aaal atudiaa at Columbia University vara oentered 

around thraa cain types, using, respectively, inart gaa, apaoial lubri* 

» 

gating oils, and positive contact fluorocarbon polycar sealing ring*. 
Tha gaaaoua aaal ahooad graataat precise, and wae ultiaately selected* 

t' 

An ini caking arrangaaant was chosen, rather than an outleaking, for 
raaaona of relative aicplieity of construction, avoldanoe of ra jaetion 
or recovery proeaaaaa for out,leaking process gaa t and avoidanoe of tha 
inherent ineffleienoy of nixing out!caking prooaaa gaa atraaca of 


different concentrations* 
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J Various caohanical arrangaaant a acre studied at tha 
laboratories of tha Ingaraoll-Rand Coapanjr, Kell ex, SAM, and Carbide* 
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y later tasting and developcent *£& 
carried out at tha SAM Laboratcriaa • / 
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Simultaneous!/ with the development of open-motor centrifugal 
pumps, various diaphragm tjpes wars Investigatod in order to provide a 
seal-less design in the event of unsatlsfaetor/ performance of the 
nitrogen-sealed machines* A diaphragm pump was also considered as 
special]y suited for use in the contemplated upper sections of the 
plant* Oas bearing blower development was prosecuted by Westinghouse 
and by General Electric in does association with K el lax and SAM* 
Various designs were studied involving a thin metallic diaphragm in 
the air gap of the motor* Bearings were ldbrioated by means of 
process gas, the motor ran in normal atmosphere, and no seal was 
necessary* A totally enclosed type was also studied, in which neither 
a seal nor a diaphragm was required] all parts ran in process gas* 

This type required special inert lubricating oil and motor insulation* 
The density of the gas handled in the purge cascade varies 
markedly from point to point* Decreasing the density of gas handled 
by centrifugal pumps decreases their capacity* Positive displacement 
pumps, however/&an handle gases of different densities without this 
disadvantage* Shaker, peddle, rotary, end magnetic designs wore 
studied, but s reciprocating type was ultimately selected for purge 
cascade service* A bellows seal was designed with a tm inch stroke 
distributed among six bellows,units, each independently supported end 
constrained by * "lasy Jack, ” which was lubricated with fluoridated oil* 
The piston is lubricated by the process gas, and pump valves consist- of 
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light sheet Betel springs. The purge pumps were manufactured by the 
Valley Iron Works. 

Materials of construction suitable for process pumps were 
need for the conditioning pumps, but the lightness of the conditioning 
gas required a very high peripheral speed* Special motors were devel¬ 
oped by Meetinghouse for 14,400 RPU service. The pumps were provided 
with two-stage impellers and a disc seal. 

For servios with process oooleot, a vertical pump wae devel¬ 
oped, to bo mounted at the bottom of a surge dram. Pump bearing* are 
lubricated by the coolant. The pump shaft passes up through a tube 
running to the top of tho tank, where a seal permits out leakage of 
nitrogen eonflned as a blanket gas under alight pressure above the 
liquid surface inside the tank. 

Early in 1944, Kellex and the Beaeh-Auss Company started 
development of s special rotary, oil-sealed mechanical vacuum pump for 
prooess gas, of welded construction and with s special seal so as to 

e 

provide s vary low leakage rate. A magnetie oil level indicator was 

* 

developed, and, for easy access to the interior, welded vacuum joints 
were designed so that they oould be machined or rewelded with relative 
simplicity* A quadruple shaft seal was provided, and fluarinated seal 
oil used. A beating system wae incorporated for control of oil via- 
oosity, and a oooling system for use at steady operating speeds. 

Work was undertaken early In 1944 by the F. J. Stokes 
Machine Company to develop a special, rotary, oil-sealed, mechanical 
vacuum pump suitable for fluorine service, and meeting requirements 
similar to those for the process gas vacuum pumps. Soma difficulty 
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was experienced with the units developad in that the seal oil reacted 
with highly concentrated fluorine. On the basis of a series of Kell ex 
tests f an operating procedure was worked out in such a way as to obviate 
this disadvantage. 

The K-25 high vacuum pumps must meet requirements for high 
speed, high capacity, and extremely high vacuum. The system finally 
developed calls for connecting equipment to be evacuated to a primary 
pump which discharges to a booster pump, both of which are of oil dif¬ 
fusion design. The gas then flows into a rotary piston, single-stage, 
high vacuum, oil-sealed fore pump. A refrigerated vapor trap is in¬ 
stalled ahead of the primary pump. Development work wae carried on 
at the National Research Corporation, Veetinghouse, Distillation 
Products, Ino., and Kellex laboratories• 

6. Development of Special Instruments, - The K-25 instrument 
program was complicated by such special conditions as the necessity 
for determining process purity at hundreds of points, the sub-atmos- 
pherie nature of operations, the oorrosiveness of UFg, the need for 
isotopie assay work, and the ultra-sensitivity of the diffusion process 
to steady state disturbances. The mass spectrometer principle forms 
the basis of a number of the more important instruments in use at K-25* 
It is, itself, based on the concept of ionisation of gases by electron 
bombardment, formation of aoeelerated ion rays by electrloal fields, 
deflection of these rays by a perpendicular magnetic field, and differ¬ 
ential bending of the paths of ions of differing masses. The line re¬ 
corder, working on the mass spectrometer principle, records the concen¬ 
tration of nitrogen, oxygen, hydrogen fluoride, perflnorodimsthylcyclo- 
heocane, end COg-KgO. Numerous accessories include a Plrani gage for 



Maple flow measurement, an "adjustable leak" for extremely sm*T> flow 
control, a chemical trap for UF£ naoral, a glass trap for renewal of 
mercury carried from the diffusion vacuum pump, and an ionisation gage 
for pressure measurement* Deed in routine testing of all process 
equipment prior to placing on stream, the leak detector provides a 
means for rapidly locating any end all very snail vacuum leaks* The 
method involves playing a jet of helium probe gas over a suspected 
surface while the equipment is under high vacuum, and detecting the 
presence of the probe gas In a mass spectrometer type indicator* The 
assay machine is a modified mass apectrosmter used for determining 
laotopio concentration of process material samples* 

The fission counter works by inducing fission in a sample 

m 
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of process material by means of neutron bombardment tr on a radium- 
beryllium source* The resultant spurts of positive ions are detected 
by oolleotion at a grounded electrode, and are proportional. In number, 

to the 0-335 concentration of the sample* Designed for analysis of 

% 

process gas containing relatively high proportions of impurities (as In 
ths purge cascade), the space recorder effeots measurement of total 

alpha aslaaion, by aleotrloal oolleotion of resultant gaseous ions* 

1 

Ccabining this information with the known laotopio composition of the 
uranium praaant, the total QF£ concentration in a mixture of uranium 
hexafluoride and light diluents can be oomputed* The thermal conduct¬ 
ance cell provides another method for determining the amount of light 
diluents in mixtures of UP£» nitrogen, end oxygen* Xt is baaed on the 
princi p le that an electric current passing through a wire increases 
its temperature, and that the difference in temperature between the 


Hire and the gas surrounding it reaches an equilibrium value* which ie 
dependent on the percentage compos it ion of the gas. Since electrical 
resistance of the wire is a function of its temperature* measurement 
of this resistance indicates its temperature, and thereby* the gas con¬ 
centration. 

Used in the purge cascade, the acoustic analyser determines, 
indicates* and records the volumetric concentration of light diluents in 

v 

the prooess stream* and actuates a control mechanism so as to prevent 
overloading of the purge cello because of increased UF^ concentration 
in the prooess stream being fed to a purge building. The primary ele¬ 
ment consists of a resonance tube containing a diaphragm at each end. 

One diaphragm is excited by an electromagnetic eoil* end sends sound 
waves through the gaa chamber which excite the second diaphragm and 
cause it to induce a voltage in a second ooil. The sound intensity, 
and, hence, the voltage induced la greatest at the natural frequency 
of resonance of the chamber, which in turn ie a Amotion of the compo¬ 
sition of the process sample gas within the chamber. The HF analyser 
utilises a visoosity bridge which is analogous to an electrical Wheat¬ 
stone bridge. Long metal eaplllarles are used as the four resistances, 
process gas passing through two parallel pairs of "resistors." A 
differential pressure transmitter end recorder ie connected between 
midpoints of the bridge arms to indicate unbalance. A sodium fluoride 
trap* which removes HF, ie inserted between the two capillaries of one 
branch. This results in a diminished flow through the second leg of 
that branch, and unbalancing of the bridge. The degree of unbalance 
affords an indication of the HF concentration of the sample gas. 
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Capable of detecting extremely low UF$ ©oneentrations, 
trace indioatora were developed to provide a means for monitoring 
UP$ concentrations in the atmosphere, vent gases; seal exhaust lines, 
and purged oells* Trace Indicators work by exposing certain chemical 
reagents to suspected gases, the presence of UF6 being indicated by a 
characteristic ooloratlon* The sensitive element may consist of sali- 
oylio add crystals, or absorbent filter paper* The latter type la 

periodically cheeked by chemical treatment with potassium ferrocyanlde* 
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e 

It may be arranged to provide continuous and automatic trace Indication 

e 

by setting up a moving tape impregnated with potassium ferrocyanlde, 

e 

and allowing a beam of light to pace through the tape and then actuate 
a photocell connected to a mioroammster which measures Intensity of 
light transmission. The Infranred absorption jester is a portable leak 
detector of special design used for checking coolant linos, ooolant 
tanks, and process ooolere* Air samples from the vicinity of euopcotod 
ooolant leaks are pumped through a toot chamber, through which two infra¬ 
red beams ere passed* One of these beams is also passed through a 
lithium fluoride filter which absorbs all infra-red radiation* The 
intensity of this beam will therefore be independent of the coolant 
concent rat ion in the ohamberj that of the other will vary with this 
concentration* The two beams are foouaed, respectively, on each of a 
pair of resistance thermometers connected into a iftiaatston* bridge cir¬ 
cuit* A difference in temperature between the two thermometers results 
from the difference in intensity of imping ant radiation, and causes a 
measurable difference in electrical resistance* The dew point recorder 
was designed to monitor the plant supplies of dry air and nitrogen, and 
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to warn of excessive amounts of water vapor in the gae. Intensity of a 
reflected beam of light from a cold mirror ie dimmed by condensation of 
moisture on the surface. Measurement of the mirror temperature required 
to prevent dimming of the reflected ray provides indication of the dew 
point of the sample gas. The differential pressure indicator was 
specially developed to measure the extremely small flow of sealant nitro¬ 
gen gas to the process ptunp seals. It determines the gas flow by elec¬ 
trically measuring the differential gas pressure across an orifice of 
known dimensions. Variation of the differential pressures is converted, 
by means of a bellows arrangement to a movement of the iron core of an 

i 

electromagnet, thereby inducing voltage changes which are a function of 


the differential pressure, end thus of the gas flow, to be determined. 
7* Pilot Plant Development. - 
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A number of pilot plants were sub- 


liquently constructed at Columbia University for farther study of the 
process. Pilot Plsnt No. 1, initially operated in October 1942, was 
arranged as a twelve-stags total refine cascade. It was ran for over 
3200 hours, yielded data pertaining to oaaeade behavior with A, PA, and 
J¥B barriers, and provided operating experience with various types of 
process equipment and inetrumenta. 


On 10 Ha# 1944, Pilot Plant No. 2 was placed in operation, 
consisting of a six-stage total reflux cascade using reciprocating pumps. 
Zt afforded the first opportunity to study ths behavior of oontrol in¬ 
struments and tubular and flat plats designs of A, DA, and KB barriers 
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under conditions approaching thoee anticipated In a full aoale production 
plant* 


Pilot Plant No* 3 was erected and operated bj SAM personnel) 


Kellcx fttrniahed design, procurement, and supervisory services* An eight- 


stage cascade was set up, using Meetinghouse gas bearing blowers and dumqy 


diffusers. Operation on was begun on 15 June 1944* The installation 
was found to be hydrodynamiaally stable and subject to satisfactory process 
control, and vaouum-tssting and welding techniques were developed. Studies 


of process gas consumption and blower performance were then made, using 


mixtures of nitrogen and UFg* 
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In order to obtain performance data for single-stags blower 
operation, a Meetinghouse gas bearing blower was used at the SAM Labora¬ 
tories in the summer of 1944 to circulate process gas through a set of 
45 tubular diffusers. The experiments provided significant data pertain¬ 
ing to blower behavior, corrosion, and barrier plugging* 


8*“ Chemistry and Physics of the Diffusion Method. - From 1940 to 
1942 extensive efforts ware put forth at Iowa State College, the Univers¬ 
ity of Chicago, ifed the laboratories of the Xthyl Corporation, to prepare 

» ( 

an organic uranium compound suitable for use as a gaseous diffusion 
working substance^, but no satisfactory substitute for the corrosive 
uranium hexafluoride was found* The corrosion and other chemical 
problems anticipated with the pat of UF$ led to the establishment of a 
chemical section at the SAM Laboratories* Study of the physico-chemical 

t 

properties of UF^ was begun in 1940, Involving methods of handling the 




gas, and new ways of preparing it for chemical analysis. Other chemi¬ 
cals studied included nickel and nickel carbonate, barrier materials, 
and uranium compounds other than UF$. 

The mechanical properties of barriers hare been studied by 
means of bending, tensile strength, rolling, fatigue, and flutter teets 
J involving thousands of routine examinations which were necessary In the 
course of the barrier development p r og r a m. The bairier chemistry re¬ 
search program inoluded the development of fluorinatiag, or conditioning 
procedures, and study of methods of mlnisdeing process gas consumption 

and barrier plugging. 
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j The techniques were extended to include 


measurements of barrier porosity, and were also modified to apply to 


tubular samples. 

9. Safety and Ssaarltr. - Features of the Columbia Area safety 
program inoluded a safety department and a medical division set up by 
the SAM Laboratories, and a Safety Advisory Committee with responsi¬ 
bility for anticipating and coping with special safety problems arising* 
The Columbia Area Engineer supervised contractor safety programs, and 
maintained liaises with the Distriot Medical and Safety Sections* A 
Columbia Area Security program was also instituted in accordance with 
standard Manhattan Die trio t policies. 

10. Costs. - The total cost of the K-25 research program was 
$14,073,004 as of the end of the fiscal year 1946, at which time the 
estimated total for completion of contracts was $15,611,663. 
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11* Qrfl*rH|»i. t,lon and Personnel. - In Anticipation of the awarding 
of contract W-7405-eng-50 to Colunbia University, Major B. L Rough, Jr* 
was designated Coluobia Area Engineer In the spring of 1943* He was 
succeeded in January 1944 by Captain L* L* GrotJan. The war research 
activities in nuclear physics at Coiuobia University were organised tinder 
the name of SAM Laboratories* By February 1945, the work and equipment 
had been transferred to the Kellex Mash laboratories. On that date re¬ 
sponsibility was assumed by the Carbide and Carbon Chemicals Corporation* 

we* t 

SAM activities were directed initially by Dr* H. C* Urey, and, after 
February 1945# by Dr. R. B* Crist* Dr* Urey was aided by Aeeoeiate 
Directors, Dr* L* M. Currie, and Dr. B. S* Taylor. Dr. J. R. Dunning 
directed reeearoh and development in mechanical engineering problems, 
pilot plants, process operations, and ieotoplo assay methods. J. K. 
Arnold directed Kellex research and development, and Dr. Mans on Benedict 
had charge of process design, and planned experimental corrosion studies 
and studies of barriers, cold traps, and other equipment. Other key re¬ 
eearoh personnel include Dr. R. M. Bums (Bell Telephone Laboratories,) 
Drs. H. S. Taylor and G. G. Jorls (Princeton University), Dra. A. £• 
Oessler and Da M. Gens (Interotu.nl oal Corporation), Dr. R. M. Badger 
(California Institute of Technology), and Dr. A. L. Bonne (Ohio State 
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University)* 
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BOOK II - G\flr»OTB DIFFUSION (K-2G) PROJECT 

voluip 2 - research 
SECTION 1 - XuTRODUCTIOIJ 

1-1« Purpose* «• K—25 reoearoh and development activities trero 
dlreoted toward tie solution of problems encountered In tho separation 
of DraniuBH256 from natural uronitsr. by tho method, of gaseous diffusion* 
1«2* Soope* - This volume treats of fundamental or pure research 
and associated laboratory development of materials* equipment, and 
prooeeoes utilised by other branches of the K-26 Project in tlie desi&i* 
construction# and operation of tho diffusion plant* Research inoi- 
dental to the pe rf or ma nce of these other functions* as differentiated 
from teslo research* is disousoed in Volina S* The fundamental research 
activities comprised the choice of a suitable feed saterial* the 
developrent of diffusion barriers and atociliary equipment such as 
pumps* seals and oontrol iastrumonto* and the adaptation of tills equip¬ 
ment to use in tho presence of the process gas* It was neoeseary to 
oolve very sorious corrosion problems* and to develop a number of 
s poo lml oheoieale* The ha sard of oorrooion lay not only in tho obvious 
possibility of equipment deterioration* but in tho much more detrimental 
effect of product oo&auaptlon* which occurs in oven mild forms of 
corrosion that do not reach destructive intensity* The reseoroh and 
development program for special ohenieals required by the JC-2G Pro joe t 
is dosoribed in Book VII* 

1-C* Authorisation* - Authorisation of research vac land led 
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aicdlcurly to other phases of the IW85 Projoot ao mentioned in Voluno 
1 of tills book* and described nore fully In Voluno 1 of Book X* 

1>4« Adnlnlstratlcn* • Research program ware oontored In a 
msriber of university/ and Industrial laboratories* tnder ocntraot to 
Hie Qottoranont* In aooordanoe with established Manhattan District 
praotioe* oantrooto (App* D91) were administered by specified Areas 
of the Dlstrlot* Administration of the mjorlty of the co ntras ts 
dealing with fundamental K«26 research and dewlopnent (excluding 
work on special ohemioals) was the responsibility of the Coluchia 
Area Engineer* with the reminder under Hie ^urisdiotion of the Hew 
York Area Engineer (App* Bl)* A roeune of research and development 
oo n traot s is presented in Appendix A* 
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2-1# Columbia University# 

a* Selection and History of Henotlatlons# • The dif* 
fusion method was seriously considered first by E# T# Booth, A. Von 
(4*0980, and J, IS# tannin; of Columbia University in 1940# Since tide 
'Toup already was directly concerned with the diffusion process, it 
wuo decided to expand its pro ; ^nua under a eorica of C o v orma ent eontmets# 
03RD Contract OCUar»lOG ms negotiated with the Truatoos of the Uni«* • 
veroity to cover the period 1 July 1941 to SO Juno 1942, the work to 
be done under the direction of Dr# J# n* Dunning# Contract or>Hsr-412 
permitted an expanded program wider the direction of Dr# H# C# Urey to 
be carried on at the Uni veroity fron 1 December 1941 to 30 April 1943# 
Effective 1 ?3ay 1943, the diffusion studies at this institution wore 
embodied in limhattan District Contract W»7405«ens«»50, the work to be 

V 

directed by Dr# Urey# The laboratories at Columbia came to be known 
as the *SAI' Lab oratorios" » This was a codo name meaning "special 
Alloyed In. ter in la" # 

b# r.copo of Contracts# • The above contraotc provided 
that Columbia University furnish tho research and development work 
necessary for the* desifpi, construction, end operation of the diffusion 
(K«25) plant, and continue experimentation to a point where certain 
alternate isotope senaration methods could be evaluated, Tho Uni«* 

▼ersity me further required to develop special processes, instruments, 

♦ 

and mterials# Iho District ^pinker also acci-Ticd tc this oon'tract 
a number of miscellaneous special studies for uhioh the Univ&roiiy 
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poaa«SB*d trained scientific pereacmel and eqttipaent* 
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1 filraqr 1046* the baelo diffusion pnoNi rtranb progru ms trui* 
fimd from the Colunbia TJnlnsraity contract W«7406*o ng »6 0 to the Carbide 
and Carbon Chenioala Corporation oontraot w**7406-eng-lfl toltr StppXeaont 
Ho# 4# Hie nans "SAM laboratories” me retained by this organisation# 
nhioh oontlnued its work program until 18 Ihnh IMS# at uhloh tine its 
fa el 11 ties# and its ra—lnln^ no rk groups enpipd in problsoa of a oon» 
tinulng nature# were sowd to the K»£S plant at Oak Hid go# ltnneeeee# 

14# Bell telephone laboratories (Wester n Bleotrlo Conpany)# 
a# Selection and History of Msgotlatlone# • Contraet 
M*7406«ongwl4S naa negotiated in August 1048 to consolidate and extend# 


under the Ifcnhattaa Dietriot# InmtipitloM on perfornanoe testing# heat 
treating# and rolling of barrier nhloh nere being oonduoted under OSRD# 
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2-6* Prlnoeton Tb.Ivors! 


a* Selection 


i* * Tills oontrao- 


tor wets 8olooted because of tho experience of Dr* n* 3* Saylor* who 
directed the project work* sod because of the ads banco of certain fa¬ 
cilities not am liable at Colunbla University at tbs tine of the nejro- 
tiations* Technical aspcots of the proposed o on tract were discussed by 
Dr* Taylor and Dr* ’l* C. T¥ey or 26 May 194Z* and the oontraot (ff-7406- 
eor-G8) ms negotiated on 3 Juno 1943* 

b« Scope of H6it> • The Princeton oontraot required that 


arthoda of p r o tre a ting niokol barriers* to induce oorroslonreelstanoe 


to process par, bo 


because* at the tine Princeton beran 


lta work* available inform tion recording pr e-lyd ropenation and pre- 
fluorine tion was decidedly inadequate* ^ 
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2-6 S Other Research Oontraot** 


• Itader oontraot fr-7407- 


enf-25* tho Tnterebeoaiaal Corporation was enraged to develop ncthoda for 
the production of niekel porters suitable for use in the ?!ix tyne pow¬ 
dered nio’-Tcl barrier* A. pilot plant ms conatruot> u J -o ^roduoo pow ers 
In taonty-f ivo pomfl bate he o for too tin. and research nurnosos* The 
ultimate objoetiv* ms to adapt and operate an existing Interohecdoal 
pifiaecit plant to produce fe4Avo*tons of niokol powder per nontli* 
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b. Ohio State University, - Tha thraa principal problem* 
a a signad to Ohio .State University under tha Uanhattan District contract 
(W-7495-*ng-95) were: (1) Purification of n-perfluorohoptane (?ol. 3)# 
to ba uaad as a standard in establishing specifications for inertness of 

«r\ 

fluorocarbons to prooess gas; (2) Preparation of fluoroohloro compounds 
to senrs as a starting notarial for the preparation of polymeric 
naterials inert to prooess gas; and (3) Investigation of possible 
preparation of organic liquids which would dissolve process gas and 
could be oooled to fora glasses, these glasses in turn to be used for 
obtaining the absorption opoetnui of prooess gas# 


o. California Institute of Technology - 
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S^CTIOTT 3 - TKITW-L T^OTT? OF 


~!T. V-.&'niJ?, FIF708TCT7 mcCTT. 


5*1* History of Diffusion Theory* 

a« Imort&ncc of T>»255* • Jspedlately after the discovery 
of nuclear fission* in uranium by the 'Seraon investigators# 0* Kahn# sad 
F« Stroasmim (App# Dl) in December 1938* the effect vas eonflraod by 
ether solestisto -worbln^ In various laboratories* Ara»g those to do 
so vrore J* R* Darning and his oollaboratsrs (App* D2) In January 1989* 

at Columbia University# Be trees this tlas and ?Jaroh 1940* thqp collated 

/ 

several rosearah studies vhloh contributed to an taaderstondlng of the^ 
onplex pheno m ena involved in nuclear fission* On the latter date* 
they 'presented experimental ovldenoe (App* D3) establishing a foot 
already predieted (App* D4) on theoretical grounds* namely* that auolear 
fission arises from the presence of the uranlua isoto e having an atoisio 
vei.-ht of 233 end cotaraaly oalled *0-235* • In their experiments# per¬ 
formed with the aid of A* 0* JJior at the University of Minnesota* they 
had sueoeedod in separating daubs amounts of T3-23S from naturally 
occurring uranlua* Since this isotope la present only to the extent of 
0*71 per eant in natural uranium and its ooapotnds* they concluded that 
It was Important to offest uranium isotone aoperation on a larger soale 
for the investigation of chain reaction* possibilities in uranium* 

Further confircatlon of their results ms shortly obtained from expert* 
monts performed at the University of Minnesota* Coltnbia tUi vs rally 
(App* DS)* and the Genoral Flootrio Company at Seheneotody (App* D6)« 

b* J£Ki2S£-2£2S^i2LSxJ2«£Hla22l " ® ie iorosbl peters at 
Columbia proceeded to conoid or ways of separating the uranium isotopes 


In order to obtain -2 .'ID, ant] from tho sizeable rxctoer of methods 
previously knov?a or proposed, they selected tho ,'aneous diffusion znotbod 
Although. this prinoi' le was discovered by f, raham in 1020, the K«25 
plant is its first ooroercial application, This had boon one of the 
first methods attcepted for other elements by Aston with partial 
sueeoss in 1C13 for neon, and later by Tfarkina, Herts and others trith 
. sore satisfactory results for ohlorino, eryon, hydro yen, nitro on, 
carbon, and othor elements. It had b^en shown that the method ms 
operable in these oases, and it ms believ’d that it eould also be 
applied to uranium comounds, however, tho low yield of product per 
unit of tlnto, and the Inrye quantities required for study in* chain 
reaction?, made it imperative that tlw theory of tho diffusion tzjot iod 
be ro—axanined, Tills was dene by barl Cohan. and others at Colinbin, 
their results shcrrrinp how tho earlier experimental aroeeduros for 
other elements should be modified when applied to uranium. In an 
icnortant paper (App, 137), Cohen derived tho fundamental tlioory for 
o r-.soous diffusion separation plant. Tills hna been turd, essentially 
unehan-ed, in tho dcsi n of tho K«»25 production plant at Clinton 
Err *inner Works, OH- Hid ye, Tonnesseo, 

3«2, Theoretical i'rineinloa TJhderlyin * Operation, 

a, .Hvoothstloal Vrwerlront, • Tho principle of mo locular 

mmjkmrnm m „ - n^imwi ■ ■ ■ ■■ 1. 

effusion can bn visualised by Jjatiyininy u closed container, soy t-. 
rectangular bos, containin' a lnrye nvnber of very ssr.ll opsrdnpa. 

The boot is filled with a rnseous onmound, end surrounded by er. 
emcmtrd space. According to the Kinetic Thoorjr of faces, the ryrladc 

I 

of individual molecules are in c. et-.to cf oeaoolcoc activity, bach 




) 
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Ecleeule tmvelo At hi~h sro.ed in a e»irai$it lino until it ocllidos 
cither with Another molecule# or with a vail of the- container* Those 
vhioh happen to enter one of the apertures in tbe wall# ji&ea throu *h 
and ecoapo to the outer space* This amounts to a doorcase in the 
quantity of gts within the container and would bo evidenced by *> drop 
in the pressure witiiln the oontsainer* If >hc experiment is repeated 
with a gas of greater density (higher molecular weiht)# the result 

s 

will be the earns, except that the rate of effusion will be slower* 
Hsasuronont in each of the two oases would shew that the rates are. 
inversely proportional to the square roots of the molecular weights 
of the two compounds* The two tc^ts nu3t bo run at identical beeper* 
atui-es* Under suoh a condition tbe ftlnetlo Theory states that t'i« 
average kinetio energy of individual taslceulcc fcw. equal in eaeh 

t 

oase* Since kinetio energy is equal to one half the product of mss 
tiiaes square of velocity# the following equation can be written* 


I *» T l* S i »8 V 


thereforei 



Where v represents avorege no locular velocity# and a reprosente 
no locular csss* The ratio of molecular vclocitica is the ea-o as tx*> 
ratio of effusion natec, and the ratio of mlooular caasoe is the 
ratio of molecular weights* This constitutes# therefore# a mthorotloal 

formulation of the experimentally observed phenomenon* A third ex->ori* 

✓ 

raent cay nor bo visualised in whieh a mixture of two gueos of differing 


density arc used# The respective ratcc of enoape rill logically be 



Is proportion first to the; respective concen tra tions, and second to 
the rc 3 poo tire averae noleoular velocities, hence Inversely to the 
square roots of the molecular weights* 

b* Continuous Operation* • As the prooess of effusion 
takes place, too changes occur* First the gas escaping into the 
evacuated spaoe builds up a heck pressure, which tends to drive stole* 
eulos book throu h tie perforated walls into tho container* Since the 
gas whioh has passed tiirou^t the container wall (diffusate) is richer 
in lighter component than the startin'* mixture within the containers 
tho effect is doubly disadvantageous because a greater proportion of 

boob-diffusin'- pas rrill consist of the decirod lirirt oenpenont than 

« 

would be tho caso if this /as contained only the concentration of 

t * 

light component which existed in the starting mixture* Ihis is in 
aooord with the reasoning applied above where respective effusion • 

b 

rates were visualised in proportion to respective concentrations* 

Hie second change taking place as tho prooess goes on la a drop In 
the quantity of r?us, r.nd hence of greesuro, within the container* 

This is undeolrablc beoauoc it is this so-called "fore prsoouro" 

* 

whioh motivates tho bosio prooosa, forcing mleoulos to flow through 
the perforated walls to the outer space* This effect is also doubly 
disadvantageous bcoausc > as tine proceeds, tlv> concentration of 
lighter ooaponont doorcases within tho oontainer, and, in proportion, 
its c once*', trot ion in tho dlfusato passing thorough the nc.ll is decreased* 
These disadvantages/ nay be obviated by resortin to continuous 
operation* A "steady state" is* set up by eu plying raw goo to the 
oontainer, by withdrawing undiffueod, "partially depleted" guc fron 


the container, and by removing "onricliod , ‘ paa fron the dormstr^en side 
of t'to perforated wall* all at constant r&tos# In this v/uy chaires 
in proeauro and oonocntnat3.ua aro olirdnatod* flow rfttos are adjusted 
in order to keep desired factors# such as concentration of li^fct 
component end total pressure trithln chc container# as hi It as feasible# 
. Similarly back pressure Is mininisod# 

e# Practloal Application# • The heart of the K»23 plant 
is the diffusion oaseode, which is essentially a repeating series of 
equipment duolloatinr continuously# twntytfour hours a day* the 
simplified rrooedure discussed above# The •container* Is ealled a 
diffuser or convertor# 2he "perforated Tall" is referred to as 
barrier# A oortrol valve and pas pupps are provided to repula to flow 
and pressure of the &Jt$ and a cooler prevents the heat of pump inf. 
fron raisinr: the temperature of the operation# These arc tie elements 
of a practical "cte.pe°# 2302 diffusion stag's aro providod in. the 
train cascade at K«25# The y«27 facility provides an additional 340# 

An i m p or t a nt consideration is the sice of the apertures In tie barrier# 
It is apparent that ordinary •holes" dll penult ordinary axes flow 
of nixed ea through the membrane# without the desired separative 
effoot# It is nooessary to keep the diameter well below tho len th 

h 

of tfao "nsan fre-o pat?'" of process as molecules# This is thw avorepe 
distance travelled by an indlvi.dial molecule 'between tiro suooosslvo 
collisions with noiriborinp noleculoo# A very efficient barrier 
would have an aperture diameter of 0#0000004 inch# 



5.5 



d« Factors Tor-din- to "teduoo the rfflclcnoy of Separation* 
(1) Pool: Diffusion* • As discussed above, tite back 
pressure on the downs trean side of the barrier sr-st be held at a low 
value in order to cduijaise diffusion of diffusa be back throurh the 

l 

nei±>ranc to the u p st re a m sido, resultin'- In separation in the wrong 

* 

direction. 


f ) 


) 
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(2) " Jostling"* - Ilany eollisiano occur between 

I 

light nod heavy ooleoulos while they are pas a inp through the barrier 
openings* On the socle of nolccular sagpitudos, those opening should 
bo viovrv:d as long tortuous passageways through the thick wall of tlie 
barrier* Since light nolooulee flow faster than heavy noloculos, 
collisions in whioli a light coleoulo hits a heavy ono frost behind arc 
core frequent than those in whioh a heavy aoleoule hits a light nolo* 
eule trors behind* As a result, heavy noleoulee (U^®F^) are, on the 
avorago, speeded tn by collisions with light molecules (V onS 
similarly the light noleexiles ore retarded* The effoet of this 
"jostling" is to reduce the flow of desired component, and inereaeo 
the flow of undesirod eanponeat through the barrier apertures* The 
separation is correspondingly reduced* The inefficiency Is less 
pronounced with snail or ratio of hole also to naan free path of the 
aoleculcs* Hie separation factor will therefore inrrove at lower 
operating proa a ur os, since under tills condition the naan free path is 
greater* This jostling effect .is oppoood by the back diffusion 
effoot, whioh roduooo the prepondorenoe of collisions of 11 ht mole* 
eules against heavy no locales fror. behind over the reverse type of 
collision* 



Vlooous Flow. - 
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flow occurs with say nraetioal hole.else* 

(4) Surface Flow# • A surface flow same tiros occurs 
alonr the film of gao moleouleo which are adsorbed or. the .mils of the 

m 

holes* Viscous flow and surface flow arc minor effects* 

(5) fixing Inefficiency* • As in most oesos of 
fluid flow* a stafuant flln toads to forn in oontact with the hlfh 
pressure cldc of tho barrier* Tills beoomos depleted of F«* Ad* 
ditlenal U**® Fg oust diffuse through this filn before passing throu-h 
the barrier* The result is a retard in,- of tho separative action* The 
of foot is minimised by us in.- high-gas velocities so that the resulting 
turbulence will rod 00 c the thickness of the etagsant film* 

(6) Pinholes and Leaks* . »■ i'inholes In thu barrier 
end leaks in tho converter assembly result in non*oeparative flow fron 
the high pressure to the low pressure cane* f*eh co n verter in the 
1*25 plant has boon tested to keep tills leak flow bo lew 2 per cent of 
tho total flow in the "A" stream* 

(7) Variation in Feraoablllty* - Variation in 
permeability front point to point in the barrier causes inefficiency 
beaause of inequality of separation* The term permeability refers to 
the ease with which the fps eaa pe n etr a te tho barrier under giver. . 

oonditlons of fore pressure and back pressure* The Kollex Corporation 

» 

evaluated this inefficiency theoretically in July 1944 in terns of tho 
nagnitudo of tho variations* The theory was used to sot specifications 
for tolerable degree of variability in barrier permeability* For xuoro 
eDeplete discussion of moleoular effusion and design principles* 
reforenoo should be mdc to the Kollex Coro lotion Report* Section 






3-3» »<ork on Frocess Pevclojaaent. - Prior to the granting of 
OSRD contraeta at Columbia, and daring the earlier period of these 
contracts, experimental work continued, in addition to further theo¬ 
retical studies. The experimental progress is described in later 

sections of this volume. It may be stated briefly that mechanical 

✓ 

devices and material sere in the very early stages of development, 

■ith many of the details under investigation. Theoretical consider¬ 
ations had reached a stage where design, construction, end operation 
of a plant could be fully envisaged. This state of affairs led to the 
conclusion that the process appeared to be very promising and capable 

m 

of being operated successfully, and that further research and develop¬ 
ment should be pursued vigorously. 


landed Research Program. - The incentive for this 


continued development came in December 1942, when the '-"far Department, 


represented by the Kanhaitsn District, requested The U. ff. Kellogg 


Company, which was working under OS ftp contract OEXsr-406, to continue 


its research work and to undertake the immediate design of a diffusion 


plant for the production of one kilogram per day of U-235 at a concen¬ 
tration of 90 per eent* A subsidiary firm, the Kellex Corporation, was 
created to undertake this work (App. D8). fundamental research was 
to be done at Columbia University (App. D9) under the direction of 
Dr. H. C. Urey (App. D93) with somo study of special problems at other 
places such as Bell Telephone Laboratories (App. DIO), Princeton Univer¬ 
sity (App. Dll), and the Jersey City Laboratories of The K. W. Kellogg 
Company. At this time, the gas diffusion work at Columbia was being 


r 
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carried on itoder 03Rr> oontr- ct r .'E H 8r*41?., but negotiations for transfer 
of the work to the Ifenhattan Plstriot were in progress# As tabulated 
by re Hem, it w&c rooo-nisod that the Projeot involved i 

l a The design. of a plant utilising a nrooess never boforc 
attempted on othor than a laboratory soalo and for 
which even laboratory data vac incora; lots# 

2# Tho engineer in of an opera lo diffusion cascade 

comprising several thousand stares* under conditions 
which aado it apparent that lngortant deoiaions would 
have to be ne.de before adequate proocss data would be 

t * 

9 

available* 

5# Tho oonatructlon of a plant of unusual, else and oom» 
plcacity oontaininr large quantities of special equip* 
sent •* the resultin'* installation having to be for all 
- intonte and purposes vacuua tight and surgloally cloan# 

4* The design^ engineering and eor.s traction of extensive 
auxiliary facilities and utilities* 

5* Tho devolopaont and fabrication of several rail lions of 
square feet of barrier * a totally novel and highly 
special tutorial* 

G* The development and fabrication of six or seven thousand 
special pum s of various 8isos and characteristics# 

7* The development and fabrication of six or fl-*ven thousand 
highly special pun. sealir.r devioos* 

6* The development* fabrication and assenbly of several 
thousand converter unite of several cisco* 


9* T5ie dewelo T.iont on' J fabrication of lnr-c quantities 
of special vulvoe* ripe and other process e quir.nont* 

1C* -he development and ranufaoturc of tens of thousands ' 
of special net^rin- and controlling inatrun r.tc* 

11* The development of a ooEprcbsneivs vacuum techno lory 
end of asocial leak ten tin dcviocs* 

13* The dovelo-arant and production of siaooblo quantities 
of a nuabor of spoolal ohetaloals of hiqh purity* 

1?* The solution of wnrecodontod corrosion problem* 

Id* The prooureaoat of a larc© block of variable frequency 
newer of ultrs-dopendabillt;.'* 

3-4* Dooim of bar?-c Scale ; 'lent* *» /ptllitin the thoory 

/’*• 

developed by Cohon* and as a result o r further studies b its wan 
en-lnoera, the r.elloac corporation* v^rkin' Tinder C'JRD eontr et, redo a 
report of pro roac ir. Parch 1943 (/>-.■ pj fil2^* This "first *'regress 
Report' on tho difi’iasion plant was baeod on the oonoepts of stupe and 
oascads opornt on as discussed ?.n ’©ra- re. ’h 2»? of Volume 1* Cocnro- 
henslvo procoas deaipn was included for a larpo souls d iff us local 
soparatioc. plant to produoe one kilo : raa of ”—235 por day* 90 por cent 
pure, from 2100 pounds per day of food containin'- 0*71 por cent f* 
Dosi'-n of auxiliary equinnont ana also presented in considerable detail 
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i Argtuar«3Sflta* ] In the oorly part of 


•fT* 





194tj a £TOU’< of hnqliah ccieatiots, including' :oasrr, # Vi, A* Akerc and 

* 

F* Sixjon* visited this country and explained their achcne of plant do- 

f r 

sirjn* 7ho Anerloi-n ao devclonwd by H»e Kollox engineers fro r: 

the theory of Cotam £.;> of .ere* ..us planned to oporoto at relatively 
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high 'C.s pressure, and honoo under conditions of turbulent r.ixirn • 

Tt was also deal -ned for rinirrun barrier area holdup and equilibrium 
tine* 'fio holdup io the anoint of diffusing material which it takes 
to Till in the plant, or tJiftt retains in the plant and cannot be with¬ 
drawn as product* ilio equilibrium tine is that period during which 
the plant crust operate at total recirculation before a produet of the 
roquieito purity nay bo obtained* If tire holdup is decreased, the 
equilibrium tine also decreases* The fn-lish plant, however, was 
dovioed to operate with diffusive slxln^ and thus with lower pas pres¬ 
sures than the Ancrioan plant* *7hile there are advanta; es to both 
oehenee, tho Anerioon en -inecro rejected the British design prisarily 
because of tire lar-o fas volumes required in the latter* Several, 
other alternative British do almas were considered but they too wore 
rebooted because of the large pumping loads and com lice tod equipment 
required* Those are described in detail in the British publications 
(App. DIS)* On a later visit by Messrs* F. Sinou, R. i'oierls, and 



other nexnbcrs of a Britisli group, alternative plant desime wore a tin 

% 


discussed, and slnilar conclusions wore reached by the Ancrioan in¬ 
vestigators (App* rid)* Further discussion of British assistance in 
connection with deal n - rob lees io presented in Volume 3, Scotian 15. 

S-C* later Work on Pleat Theory* - Hie theoretical group at 
tho ;>A: La’joratories continued its study of tho larpo scale ^laat, at¬ 
tention boinn centered : ostly on problens of control and stability of 
operation* Tho results have been presented in several reports (App* 015)* 
Tries© workers also investigated the behavior and operation of the Ed 
sta-c "Hot plant (a portion of the rain production plant) erected 



at Clinton Kn-infer V’orkn t GcJ: T!lr!~o, 1brjneo*x> # and doviood a nrorrun 
of experiments •:> loaned to toot tlio or>f rating theory (Ajp# DIG)* 
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s^tior 4 - w.vn ,o"in?f of pift^stow 3arpt’:rs 

4-1# Early Studios * • la the latter part of 1941 the search wi 
be run for a barrier notarial of the required porous structure and with 
Suitable resistance to corrosion by uranium hexafluoride* TJhen the 
first crude barriers were tested with TJFg in 194? ( the separating of* 
fleienoy observed left such to be desired* Since very little work had 
been done on fuscous diffusion theory prior to the F-26 Project* the 
phenomena involved wore not well understood* It was not known whether 
the ineffleleney of the early separations obtained was due primarily to 
fundamental characteristics of tho taoleoular effusion process* or to 
imperfeot design and oenstruetlon of tho barriers employed* To avoid 
the difficulties and inconvenience of handling UF-* it was dooided to 
carry on routine barrier tee tin? with a worfcinn oubatanoe oonaistiar of 
a mixture of he lima and carbon dioxide* It then beoame necessary to 
determine the relationship between the experimental results Obtained 
with a particular barrier when separating helium from carton dioxide* 
and tho separative effieleney which would have been obtained with the 
ease barrier under the sane conditions* but uslnr the K-25 wortcinp- 
eubatanoc* i*e*. a mixture of 9*255 hexafluoride and D-238 hexafluoride* 
Discouragin'-;ly slow progress was made in workin- out such a method of 
correlation* as well as In the development of a basic understanding of 
phenomena involved* In the fall of 1942* when tho first plant desirm 
calculations were made* barrier development had been in progress at 
Colunbia University for over a year under 03 RD con tracts* It was clear 
that considerable improvement in barrier properties was to bo expected* 
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but, in order to prooood with plant design, it was neoeasary to fix, at 
that tins, eortaia speoifioations (App. D94) for tho barrier. Subsequent 
development was than directed toward Mooting or exoeeding theae specifi¬ 
cations. 

a 

44. Barrier Propertiea. 


a* Proooaa Propertiea. 


( 1 ) 


slonoy* - The soat important 


property of the barrier, aa far aa plant design ia eonoornod, ia the 
aoparating effieieaey, the effeotlvenesa of "flitretlen* of V 886 Fg 
noleeulea fron proooaa aaterial• The "separation footer* ia defined aa 
tho ratio of tho relative concentration of doairod component after 
proooaaing to lta relative ooneentration before processing* By relative 
ooneontration la noant tho aoli?*^£tlo of 0 888 Pj to U 88 ® Fg preaont in 
tho proooaa stream. The * single atago aoparation faotor” would bo baaed 

on tho ratio of tho oenoeatration of tho A a trees leaving a converter to 

* 

o» 

tho concentration in tho aaterial stress supplied to tho converter. Tho 
*overall plant aoparation faotor* would bo based on the ratio of oonoen* 
tration of the product aaterial to the ooneentration of food aaterial 
supplied to the plant* It felloes from Graham's la^ that the ideal 

f 

separation faotor for a single gaseous diffusion stage is the square 
root of tho ratio of tho aoleeular weight of U* 8 ® Pg to the moleoular 
weight of 0 886 Fg* 


m3 


Hi s 1.0048 
848 


In praetloo, with other variables auoh aa operating pressure and tamper* 
ature fixed, the aetual single stage aoparation faotor is a function of 


} 


barrier struoture, increasing with the fineness and uniformity of the 
apertures* If the separation factor realised with the aotual barrier 
.is lever than that ehosen for plant design, either the desired produot 
eoneentration cannot be reaohed, or a lover output vill hare to be 
aeeepted. To produeo erne kilogram per day of uranium at a eonoen- 
tratien of 00 per cent of the light isotope, as originally planned, the 
separation factor would have to equal or exoeed that specified* In 
June 1944 a HbW" 8 separation factor of 2*8 was specified vhen testing 
with a mixture of helium and osrbon dioxide, at a fore pressure of 80 
centimeter* and a back pressure of 4 centimeters of meroury* It vas 
not until Juno 1944, by vhioh time the ereotion of proeess buildings 
at the K-16 plant site vas half eomplotod, and the installation of 
equipment veil under vay, that a satisfactory theory of effusional sepa¬ 
ration vas evolved, together uith a satisfactory method of conversion 
from helium-carbon dioxide to TJFg separation faetors, This data came 
as a result of intensified and combined efforts of the SAP, British, and 
Kellex groups, as vail as the California institute of Technology* 

(2) Porosity* - The next most important property of 
the barrier is its porosity* Of all the gas molecules striking the 
surface of a barrier at a given instant, only a small portion passes 
through to the other side. The fraction of total impinging molecules 
vfaloh sueoeeds in penetrating the barrier vail vill depend upon a 
number of variables ineluding the fore pressure, back pressure, nature 
of the proeess gas, and structure of the barrier* It is important to 
establish a porosity ocneopt vhioh vill have a definite mathematical 
value, vhioh vill be oonvenient to measure, and vhioh vill be readily 





reproduoible under specified test conditions* Such a concept la neoes- 
aary in order that numerioal oomparisfoms nay be Bade between various 
types of barrier under consideration, and so that the flow rates and 
pressure drops to be expeoted in a plant designed to use a particular 
type will be subject to numerioal prediction* In the early stages of 
barrier development, it was customary to rate the flow characteristics 
of experiBcntal barriers in terns of the "specific flow", which was 
calculated by dividing the observed flow rate per unit area by the 
pressure differential causing it* A given barrier specimen would show 
widely different specific flows when tested with different gases* 
Further, the specific flow had to be expressed in a complicated unit 
such as oubio centimeters per second per square centimeter per centi* 
meter of mercury* To correlate data obtained in different laboratories, 
it was necessary to convert all values reported to the same system of 
units* A more convenient concept was later established by incorporating 

I 

into the speeifio flow a factor containing the moleoular weight and 
absolute temperature* The new quantity was termed "permeability”, and 
oan be thought of as the ratio of actual flow to the flow whioh would 
oeour by moleoular effusion if the barrier were not present* It is a 
dimensionless quamtityi the numerical value is independent of the units 
employed for flow and pressure so long as the system is consistent* A 
further advantage in the use of the permeability concept instead of the 
speoifio flow is the ftot that its numerioal value is much less dependent 
upon the nature of the prooess gas used t particularly at low pressures* 
Finally, the permeability as above defined has a theoretical basis in 
simple moleoular effusion theory* For these reasons, the permeability. 




designated by ){, was generally adopted throughout the Project for 
correlating barrier porosities* Further studies sheered that the perns* 
ability of barrier is aade up of two parts* One part (3«) is nearly 
independent of the gas used* and the test oondltlone of pressure and, 
temperature* The seoond part is definitely a fmotion of these variables* 

m 

Thus, it was found that when ebs erred pens ability was plotted againet 
"pressure sun" (fore pressure plus book pressure ) 0 a nearly*straight 
line was obtained whieh oould be represented by the equationt 

T 5 To O S cp i i r b )J 

in whlehi T ■ permeability 

Pi e fore pressure 
po s back pressure 

* extrapolated value of peneeabllity *t sere 
pressure sun 
S • the "elope faster" 

The porosity propertlaa of a barrier een be apeelfied by giving values 
for & end S* 1 
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Permeability is dependent upon ths operating pressure, increasing in 
Magnitude as the difference between fere pressure and baok pressure is 
iiloreaeed* Permeability is also a function of barrier structure, in* 
creasing both with the number and else of the holes* A barrier of a 
certain permeability with a large number of fine apertures will show a 
greater separation factor than one with a sncllcr number of larger 
holes* It is necessary to specify both upper and lower limits for 
permeability, sines if the permeability rises shore the upper limit, 
or falls below the lower limit chosen for plant design, proosss pump 
effiolsaoy decreases* Process pumps beeane unstable if their intake 


falls below a specified limit, and as permeability ini 


, either 


the horsepower of the pi 


pusg>s must lnorease, or the total pressure 


of the plant must decrease* 


b* Chemioal Properties* 

% 

(1) Plugging Characteristics* - The barrier must be 

■ 

1 t 

9 

chemically inert to uranium hexafluoride, a rery agree si re substance* 

t 

Resot ion of the barrier material with process gss can lead to serious 

reduction'in permeability by growth of reaotioa produots within the 

) 

pores* Moreover, oorrosiaa at other points in ths presses system oen 
form solid produots uhioh may lod-e in ths apertures end produos ths 
seme result* Since six months wee oonsidersd to be the minimum allow¬ 
able life from the point of view of replaoeaent and plant maintenance, 
a tolerable plugging rite for barrier rmn aet at 0*16 pef cent per day® 
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(I) Process gas Consumption. - 


A ascend aspeot of 


oorroslvs action is its inharent oonsumption of valuabla prooass material* 
This would b« particularly undaslrabla In tha higher saotlons of taa 
plant, sad constitutes a second reason for developing a barrier which is 
shenioally inert to Ul e . 
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a* Hechanieal Preparties 
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j it is difficult to calculate the atresaes encountered and set 
up within the material during operation, but development studies have 
shown that the eubstanee will be sufficiently rugged if it can be 
designed and fabricated in such a nay as te withstand the rather severe 
stresses Lap owed during manufacture and installation* The area of 


barrier required far the plant was estimated te be five mi111an square 
feet* It was thus apparent that the fabrication of barrier called far 

a material which would be both available in suitable amounts, and 

# 

amenable te aa aimple a manufacturing procedure as possible which would 


result in uniform quality* 


b 


deleted 


4«£* barrier Site and Shape* - The ideal plant as demanded by 

a* 

theory cannot be realised in practice* In such a plant, for example, 
e 

diffusers, pusq>s, and ether equipment should theoretically decrease in 
sise continuously from the feed point to the ends of the cascade. 
Practical plant design'requirements oalled for a small number of equip- 


■•at ilui| tad lowest possible plant ooat with raspaot to this factor 


and other variables* The distribution of barrier surfaoe throughout 
the plant is described in Tolas 8. 


iELE ^ 0 


.p 


j Is order to control the quality 


of product as far as leakage of barrier tubes is concerned, a "leak 


flow test" has boon devised in which representative tubes seleeted at 


randoai are placed In a special test aaehlne sad subjected to internal 


air pressure* The pressure is adjusted till the rate of flew ef air 


diffusing through the barrier is 800 eubie eeatlaeters per ainute* and 


the upstreon pressure is awasured* 
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4-4* Barrier Types, 

a* First Types Studied* - During the early period of the 
work at Ooluabia (prior to 1B48) aany proposals for barriers wore in- 

vestigatod and abandoned far various reasons* 

- - -• — — 
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When eon tract W-7406-eng-80 bee ana 


effeotlve* a division of the Sib Laboratories was established for the 


t 

speeifle purpose of studying new barriers* During this period, aany 


t/s) 


Doe 

Ip(}) 


0& 


attraetive produots wire developed, sons to a greater extent then others 


It soon biouw apparent that thara uara many promising barriers whiah 
deserved exploitation hut shortages of nanpoeer a dlffioultiaa In pro* 
ourenent of naterinls a tha neeeesity for rapid derelopnent, and similar 
faetora determined tha partioular types to ha aalaotad for further study* 
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/tha propartisa of acaa of the harriara 


vara aery promising* hut most uara eventually diaaardad for reasons to 
ha altod* 

( *hi■■ 

b* Trlnoipal Types Conaidarad* • la tha original plant 
design report (Apr* DIE), throe prinoipal typos of harriers uara under 
eemsideration (App* D1T)* ( 


DELETED 



bti) 


J Sore extensive disoussion of harrier 
development is given in tha JCellex Cooplet!on Report, Seotian III, (7)*' 
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work m tko dralopMBt of prodaotio* Method a 

t 

four, Ino. vidor a lallax tubeontract* 


j Soao 
vi oloo dtno \f Sam 
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(I) poodor Ilokol Barriera* • 
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The jrellex Corporation oooperated and supplied iom of tjie teohnioal 
pa non no 1 for this installation* Kellex also undertook a survey of 

industry to find a oonpasy to handle the ultimata manufacture of this 

* 1 

barrier* On 1 April 1948 the Roudaille-Hershey Corporation was ap- 

, proaohed by Kellegend Aray representatives* 

* 
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Houd&ille-Herahay Oakes Produets Plant in Peoatur, Illinois* A researoh 


laboratory was also organised in part of the Oakes building to supple- 
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Lumber of oentraete more awarded to outside 


of the more oritloal it 
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I Thi* # in turn, was 


superseded by the DA barrier (fonr.erly oslled K-l) uhloh was actually 
used in tha 1-26 production plant* / 
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J Thaaa aarliar experiments mere made in collaboration with 
tha C. O. Jailiff Manufacturing Conpaay under aubaantraat §11*146 ta 
oontraet OBfsr-412 (App* A)* 



DELETED 


e* A Barrier 


*3 


i'kfLETED 




4*14 


deleted 


t 


. t 

f 



Froduotion. 



- Laboratory production of thio 


barrier in aiaea up to 8 by 14 inches, and in amounts up to fifty square 
feet per week, was obtained In the Fupin Laboratory of Columbia University 





during the latter part of 1942 and the early part of 1943* In January 
1943, steps leading to the eontinuous production of this material vers 
taken by planning for pilot plant production in the Sohermerhorn 
Laboratory at Columbia University* The design and oonstruetion of the 
necessary machines uas undertaken by the New Jersey Kashins Ccopany 
/(App* D21), with the cooperation of engineers from the Kellex Oorpo- 
ration* Construction of the naehines began in February 1948, and by 
1 May 1948, installation and erection of the pilot plant was well under 
way* Initial operation of the naohines was started in July 1948, and 
the plant eventually operated on a twenty-four hour basis* 
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At the 


termination of oontract OKKsr-412 (30 April 1943), it 

♦ 

appeared likely that this barrier oould be produced in 
suitable quantity and acceptable quality* Simultaneously 




, ■ *»■ i' 





with the oanetruotion of the Sohamerhorn Pilot Plant, 


because of tho urgency of the Projeot, dot1 pi and eon- 


lOWt 


atruotlou of machines for largo aoala production wee 


oarriad forward at tha Oarflaid Division* Houdaille- 


Harahay Corporation, Daoatur, Xllinoia (App« D22)• Claao 


cooperation between tha groups at Daeatur and the Columbia 


investigators was maintained during thle period* 


(9) Maahanioal Properties* • Thera waa a atoady 


improvement in tha propartiaa of tha A barrier, oapaolally during tha 


latter part of 1049* Howoror, ita aeohanioal propartiaa wara diffloult 


to oantrol, and oanaidarabla retearoh on these prebloae waa undertaken* 
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report on tha A barrier by Sdward ITaak, Jr. (App. 029) provides complete 


data!la of tha product aa finally obtained* 
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j Tha latter is deeorlbed in auoeaading paragraphs 
** 

(4) Ab andonm ent o f A Ba rrier* - At a meeting held at 


m 

: u?) 


Daoatur, Illinois,on 16 January 1944, attended by representatives of tha 


Manhattan Distrlat, the Houdallle-Herahiey Corporation, the Kellex Corpo¬ 


ration, 'the Carbide add Carbon Chemicals Corporation, and the SAL* 
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Laboratories of Colisnbla Ohi varsity# plan* mn Mdi for the laaedlats 

conversion of the Houdallle*Qershey plant from the prod notion of A 

/“ 

barrier to ML barrier (App# D24* Si)# 
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Mush of the A prooedure on & equipment at Dooatnr mo directly 
applicable to tho now barrier* hone# previous experience and roaoaroh 
oould bo utilised# On tKo boats of thoee considerations# najor esphasls 
at tho SAlf laboratorioo ms lwstfdlately shiftod to BA barrior# and 
research on A barrior mo oonp lately dlooostinood within a for months* 

It mo also dooidod at this nesting to assign overall responsibility for 
supervision and coordination of all future barrior roaoaroh and develop* 
sent to Carbide# .Supervision of produotlon and control at Dooatnr 


S? 

vested in' an engineer on loan froa tho Bake 11 to Corporation# A liaison 


group of Carbide toohnloal nan mo assisted to the KOllex offioo in Hew 
York# This group re v i ewed all reports on barrier developsaent natorlalo 


proposed for nenufaoture at Dooatur# and was responsible for deoiding 
whioh materials should go into tho Dooatur plant for prooosaing# whioh 
wore unsuitable# and whioh should bs further developed* 


4*10 
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v en ter of the DA terrier (foneerly sailed K*1 barrier^are natters of sane 
u ncert a inly! studies of thee# points are at* being and# by the lhnhattan 
Oletriet Advisor on Patent Matters* The Material was kno w n to E« 0* 

Morris and W # F« Libby* at Otluabbt, during the period when greatest 
emphasis was b*lu p la ee d on A barrier* It was also investigated at the 
laboratories of the Bell Telephone Cenpany and the Kellex Corporation* 
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(2) Production. - As indicated prtrleuily, in the 

* 

early part of 1944, work on tha A barrlar at tha SAll Labor a tor its mi 
^terminated, and tha facilities aad personnel avallabia vara diverted ta 
study of tha DA barrlar* Tha Soheraerhora Pilot Plant- at Columbia mi 
altarad te praduaa DA material, and an intaaalYa study of optimum 
standard manufacturing proaasses and evaluation of praaass variables 
vas initiated* Ta. expedite progress, the Kellex Corporation llkevise 
operated a pilot plant at the Wash Building in lew York for researeh on 

i 

the DA barrier, with tha work of bath plants coordinated* 
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j Tha proeass, as operated by tha Roudailla- 

Bershey Corporation in Deeatur, eventually attained a daily output of 

» 

3f>,000 tubes of DA barrier* 
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j On 1 September 1944, Kellex ptnonail and the 
pilot plant formerly loeated la tho lash Building vara transferred to 
tha SAX Laboratories* Ch 1 January 1946, the Sohermerhora DA barrlar 

pilot plant aaa dismantled* Tha major part of tho researoh had bean 

. * v '' 

accomplished, aad from than on, attention vaa aentered an another type 

I 

r .* 

of barrier* In tt^maia K-28 oasoade, plain DA barrier haa been 
installed' in 1962 stages* ~ 
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f• WB BSrrler. - An aooount has been given, of the 
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powdered nlekel barrier as studied at the Bell Telephone Laboratories 
and at the SAN Laboratories, first bp Columbia and later by Carbide* 
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ts separating effleleaoy was the highest eb- 


serred in the porosity range of Interest, both separating effleleaoy 
end porosity being readily eeatrollable and reproducible. ' 


we 
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In January iwo, production was started by Linde and oentlnued through 

Kerch 1946 at whioh tine the barrier plant was plaoed in standby 

A 

condition. ’ 
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(1) Prooedure. 


The pilot plant development of this 


material y was assigned' to the FAV Laboratories , was begun during the 
latter part of 1944, and was continued through Kay 194 tjf 
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(S) produetloa* - The MB terrier, whiah was preduetd 


at the Linde plant, was «ud la a snail parkiest of tte K-S6 production, 
plant* It was first lastallad ia sia stages, and later in forty-eight 
additional stages whleh were seleeted for experiaeatal operation aad 


proof of its suitability* 
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g* Minor Types* 


They ooatreated with the Globe Onion Ccnpsny who worked 
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on the problem for aevaral mootha* 

.= . - DELETE o 


/ 


0o& 

) L(’\ 


i Tho dovalopaant waa not 


oonaidared proadalng, and waa tharafora atoppad* 
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(5) T»Barrlar* - During tha apring and auuaar of 1M4 # 
apaeiaana of pro-fornad barriar tuba* doaigmatad aa "Y” tubaa vara 
produaad by tha Bautax Corporation undar tha aponaorahip of tho Kallex 
Corporation* ' 
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/in order to 

establish the feasibility of produolng the T tubes in volume* the A. S* 

/ 

Caaipbell Company undertook a program of reaoaroh and development* 


4-8• Powdered Hlekel* - 
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/ imtually, two other varieties were shown to be 

-^ lwvinaia p^a^M ia "i (ywwwanmpe|MMep ^ 

suitable* One sailed powder B, or •Virginia" powder* was made by the 

International Viekol Company at Huntington* west Virginia* end by the 

( 

Vetalo Disintegrating'Company at Elisabeth* New Jersey) the other* 
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called C or "Elgin” powder, was wde at the Sliubfth plant from niekel 


oxldi obtained from the Linda Air Product* 
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at Tonawanda, Now York* 
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i Subsequently, another nlekel powler, eelled D powder, was 
developed and produced bjr Linde using an Improved prooee* which greatly 
inereaeed the produotlon rate* 
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The preduet possessed the advantages of a' eontinuous nanuf•oturing 
process, it required only a short furnaolng tine, and it saiployed the 

'k - » 

previously unsatisfactory domestie powders which were readily available* 
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__ /T sheet was aoeordingly 
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plaoed in production at the Linde plant in February 1946, and continued 
until the plant was plaoed in stand-by condition several months later* 
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SECT I Ok & . DEVELOPMENT <* SPECIAL PUMPS 

£•1* Propose Pump** - One of the bade elements of a diffusion 
stage la a suitable ptaap or pumps* Kith the sole exception of the 
barrier development program, the deeiaions made in connection with the 
ohoioe and evolution of process puxp clsee and characteristics had a 
greater effect on the shaping of X-26 easoade design than any other 
single factor* An extensive treatment of the development of punps for 
process use and ether purposes can be found in Section III,(8) of the 
Kellex Completion Report* 

a* Requi r eme n ts* - In 1M1 E* A* Boors# prepared a paper 
discussing the general prSblem of gaseous diffusion plant pumps (App* 
D27)* It was recognised that the following requirements had to be 

t 

met i 

1* There must be offestively no loss of process gas fron 
the system* The volume of gas to be handled by the 
pumps, most of which is repeatedly reoyoled throughout 
the plant, is very large in ocomparison with the rate of 
feed to the easoade or the rate of product withdrawal* 
The smallest fractional loss of the process stream as 
outleakage would constitute a very serious loss in terms 
of food or produet* 

2* Inleakage must be lidted to a very low tolerance set 
by oenelderatlone of end produet lees and purging 
eapaeity* 

3* There must be absolutely no inleakage of oil fog or 





r.uoh manorial rrould ro-.ct with the 


ccncterxablc vapor* 
rroooss r&tcrial, and would latjair barrier terforaemoe# 

4* In order to rodooe the riant ooullibrluc tint to as low 
A value sls possible, 1 to Id up volune of the pumps Bust be 
ndnlnisod* Ti’is amounts to tiic requirement of very 
high nunping snoods* 

5* Materials of construction oust bo particularly resistant 
to umniun hexafluoride, booauae pus^ parts are subjected 
to higher ,"as tesneraturce and veloeitlos than any other 
part of the plant* Corrosion will hasten failure of 
thin octal parts such ae a bellows, and solid corrosion 
produote oan.interfere with proper perforsanos of pre* 
oioion parte* 

6* A wide rang© of capacity and ooeaprssslan ratio le 
required* 

7* Hio puop oust be capable of land ling a gas of unusually 
high taoleoulor woi.rhtj the dcrjjity cf l r ~£ is about 
twulvc tires titfc of air* 

0* Efficiency of operation i» esnootally desirable In order 
to nlninls© the power demanded by tho several thousand 
process pueps# 

b* Selection of i utr. Tv*'-©, • It wac roner&lly believoc? 
(App, 1)12) that centrifugal {turps satisfiod these.-requirements core 
completely than any other type, but bcllows«oreled renlproentinr nuqpf> 
were regarded as probably acceptable eubetitutes if the? anticipated 


development of a centrifugal ty >o ebnulr nrovr- '^icv-oceesfui* The od*» 


vantages of a centrifugal machine over a positive displacement type aret 

a 

1. It can be built in larger capacities* 

2. Holdup volume is lower per unit capacity. 

3. It can operate at lower suction pressures. 

4* The centrifugal pump has no valves and presents fewer 
mechanical problems. 

5* Delivery of a centrifugal pump is non-pulsing. 

However, the centrifugal pump also possesses certain disadvantagesi 

1. Pressure delivered and pumping capacity vary with gas 
density, and therefore with the oompoeition, pressure, 
and temperature of the process stream. 

2. There is a pumping limit, or minimum suction volume, 

* 

below which instability or surging develops. 

3* Tbs high speed requirement results in high velocity 

e 

process gas scouring of the impeller end easing. 

« 

4* The pump is affected by email changes in speed. 

5. A compression ratio unusually high for centrifugal 

* 

pumps is required. 

Jieoiprocating pumps ware considered desirable in the upper sections of 
tho cascade because of the low pumping speeds required, and prior to 
the successful development of an external seal for centrifugal pumps, 
or alternately, internal motor bearings and seal, reciprocating pump 
development was believed necessary, as insurance against possible 
failure of the centrifugal pump program. Considerable work was there- 
fore done on reciprocating pump development (App. D26, D29), but, since the 
decision was later made to cancel plans for the construction of the upper 
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a. c. open Motor centrii 

WITH CARTRIPQE SEAL 
THIS IS THE TYPE ULTIMATELY DEVELOPED TOR PLANT USE 






sections, and since the centrifugal pump program proved highly successful, 
this type of pump was never used in the main cascade. However, a recipro¬ 
cating type was used for the purge cascade ( Par. 5-5)• 

c. Centrifugal Pump Development. - The work was divided 
into two portions: the design of the pump proper (impeller, diffuser, 

f 

and casing), and the design of either a shaft seal suitable for use 

with the usual separate motor, or the design of a motor to be enclosed 

within the pump easing and of such nature as to withstand exposure to 

the process materiel. Ultimate choice was mads of tbs special ecal 

rather than the totally enclosed arrangement. This decision was based 

on such disadvantages inherent in the closed type as larger else, 

complexity, and necessity of auxiliary pieces such as an oil pump, 

cooling fan, and internal seal. Difficulty was also experienced with 

the development of special insulation and lubrieatlng oil. Furthermore, 

delivery schedules for the manufactured items were alarmingly long. In 

the early stages of the process pump program the decision was made to 

limit the number of shaft seals to one per unit, thereby specifying an 
« 

I 

overhung shaft. It was also decided to use a single stage pump design. 

This required a compression ratio of from 2.3 » 1 to 3*2 : 1 - extremely 
high for a centrifugal pump. This decision also made necessary the use 
of peripheral impeller velocities in excess to the velocity of sound. As 
finally manufactured (App. D 36 ) by the thousand at Milwaukee, Wisconsin, by 
the Allis-Cbolmers Manufacturing Company (Fig. 1), the pump includes an 
open-type electric motor, and a triple-disc seal. The development of 
the seal is discussed in Paragraph 5-2. The impeller is built up by 
welding from plates, rings, end blades of sheet monel. The front and 


- 






baok plat** »r* eold formed is * hydraulic praaa. Tha blade* are 
provided with edge tongues vhleh project into hole* la the plate*• 

Except is the ItOO cable foot per idnute else, four "equalising tubes" 
pa*a through the Impeller to balanee the pressure on both sides and 
eliminate ead thrust* The Impeller ooaslsts of twenty equally spaoed 
blade* of l/g iaeh monel sheet* The blades are curved, and are assenbled 
on the impeller wheel with a backward sweep. They are eaolosed at baok 
and front by sioael hub and sever disea* The backward sweep feature of 
the blades gives a steep pressure-volume characteristic* lowers the 
pimping limit* aad provides a sen-overloadlag power-input characteristic* 
The soroll aad diffuser are made of internally nioksl-olad steel. All 
easing joints are weldedj all bolts* stays* etc* are provided with 
welded or soldered seal oaps. Bearings are sleeve type* babbitt-lined* 
fed with continuous flowing lubricant fro* a central eyetea* At the 
motor end of the drive shaft there is a flexible coupling* with a 
removable spacer long enough te permit removing the seal cartridge 
without disturbing the shaft or motor* A "blowout preventer" (used 
only during seal maintenance) is provided to prevent leakage of air into 
the pump while changing the seal* nearly 6000 of these pumps are 
installed in the g>E8 cascade system* 

6-2*' Centrifugal Pump Seals* - 

a* Early Studies* - The Columbia investigators devoted 


considerable effort to the development of centrifugal pump seal* and* 

a* summarised in February .1645 (App* DS1)* thrae main varlstles ware 

being contemplated* * 
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3aeh of tiiose typos possessed oartaln dlGttdventa;oo # and none wan finally 
aoosptod for use in the gaseous diffusion plant* For a discussion of 
the eerie an these types tlie rau&or is referred to the Esllex Completion 
Report* Ssotian III* (8) A* 
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Dealgn principle* and operating eharaoterietioa were found to be suoh 
that**ft 3 eleqyatelar net the requimmste for oentrtfu^l ota ge puapo* 



J taveetlf^tlaae were oontinued at the SAX Zaboratorlea 


through Ifenb lM6 f * lsmltaaoeuely with the production pro gran* 





A mriatlan of this pwf> t trtiioh retained th> nm maI uait.m* 
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(S) Promnfelon of Sol Rusting* • Bile anr h» 1 me 
a great step formrd, but it ma sot the final answer to punp ami trouble* 
Original shipments of Mala ware found to bo ruatod on arriml at the 
j plant alto* Study ma nada of thla problem by Allia«^halaora and 
Carbide* Attar a mnfeor of attests* a solution ma worked out ao aa 
to premnt any deteriomtian of tin aoal b a t ma n tba tim it laft tha 
mnufaoturar and ita arriml at tha MB plant* That tha aaala mra 
ready for shipment* they mra olaaaad to apaoifioat lo na and peeked in 
allioa gal* in aa atooaphara of dry nitrogen# and tha individual oon* 
taiaara aaalad# Thla andad tha ruat difficulty* Zn addition* tha antira 
soalma shipped aj a oartridge* and ma ao tept until ready far aaaaably 
MCI ft pwpm 

(S) ftpromao nt of Ba al Chehst* • irouhlo with aaala 

a 

in tha plant oontimiad to bo tha mjor oauao of oall demotion throng) 

# 

tha aonplatdoa ef tha SOS Section* and for oooo tSao during tha ope* 
ration of tint aootion* Che sajor phase of tha problan ma run dam 
by tha Opemtiono Deohnioal croup at tin plant* A r as he r of laaha whioh 

t 

hod bean attributed to aaala mra found to bo due to tha {pahat mad on 
tha seals* and not to tha ami itaalf* A new gasket demloped by Carbide 

at SAM has ellsdmted thla trouble* This nstr part la a rubbar ring 

%* 

gasket and is core oooootdoal to maufeeture and to use* 

(4) 8oal Modifications for the 306 Seotlon* • Soon 

9 

after the 806 Sootlon mot on stream it become apparent that aeal 
failures mra ooourrinn at suoh a hlgi rate ao to reduoo tho offeotimneae 



of the upper part of the oaeoade to a dangerous glnlraum* Operation of 
the whole cascade with reasonable economy of production required uti* 
lisation of the 806 Section# but eed) failures in excess of 800 per 
month posed a serious problem* 
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, These studies resulted in the production 

* 

of a seal deslpmted as b*7 f which satisfactorily met all of the require* 


aunts for sells in the 806 Seetion* After their installation* an 

imediate drop of f req uen o y of seal failures was noted* and the rate 

. **■' 

eons latently imp rowed* At the present time seal failure stands at leas 
than 8 per cent of, its earlier rates* 
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They were wry thoroughly tested by tha group at SAM before being 
inatailed* Tha euooeas of these aaala is witnessed by tha faet that 
j tha rata of aaal failure in K«27 stands at a wry low incidence* Tha 
operating stream afflolano y of tha oaaoade haa been orar 99 per oent # 
aa oppoaed to the 87 per oant originally predicted in design* In 
large naaaure thla higi effielenoy la due to tha wry thorough reaearoh 
and testing carried out by tha Carbide Seal Development Group at SAM* 
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y*eol e*» system nor a ml mourn system At the tone tiat f the no tor 
windings ooa bo el too ted in the otmoaphere, to that ooneontional 

Insulation oaa bo mod*/ 
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a* Preltolnayy Tests* • 
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5-4# Totally Swlowd Prwwi Paei« - Bio Qrpa Cd-Cfl pa y 
wpf»»wt >d a nail totally enc l osed loo " Stags ffeatlnghau** deelgi with 
an oil lvfarloeted bearing and an oil nal« fho rotating eleasnts war* 
Mou n ted on a single abort rigid shaft* Bio amntly oould bo short* 
coupled and flugMontidi and required no baoo plate or foundations# 
It did roqniro a apooSal actor insulation resistant to proooso 
and a spoclal Ulg- resistant lubricating oil* It also required a 
pooling fan and a special type accessory oil poop* Serious diffieultios 
sere snoo un t sr sd with ths oil and insulation# and with tbs dissipation 
of hsat# Dsssloposnt of snolossd aotor design *** disoontinusd with 
tha successful evolution of the ep a w reartor sealed unit* 

t 

W># Puriy^Fuaria. • Bio parge oae oa de *my be considered as an 
extension of the sain process cascade# Uulti•stage diffueioual sepa¬ 
ration is carried out in this section based upon the seas gaseous dlf- 

** f 

fusion principles as in the rest of the plant# The pilose at this 
point# hosevor# is not to effect the separation of different isotopic 
sarletlea of uroniun hexafluoride# but rather to renose any li^it 
diluents whlph nay hate found their way into the process strean# The 



•v r~ 


density of the gas handled In the purge oaeoade varies narfcedly from 
point to point* The molecular eeltfit varies from that of nitrogen 
(28)* to t!iet of uranium hexafluoride (852)• Decreasing the density of 


fas handled by centrifugal punpe^ deoreases the discharge pressuro* and 
thereby the ©apaolty* this results in the requirement of higher speed* 
larger Impellers* or store stages* these required characteristics ary 
from stage to stage* Positive displaoenent pumps* on the other hand* 
can handle 0UM*/ of different densities without a detrimental effeot 

on the compression ratio* The pro g ram vhioh vas undertaken to develop 

1 

the aaaohlnes which would be necessary for the purge oaeoade* and which 
sd£it also serve as aooeptable alternates for the wain oaeoade in ease 
a suitable eentrifugal pump oould hot bo found for that application* 
was oonoernod with the problems of internal inertia of high speed pumps* 


and minimisation of holdup volume* 


a, a: 


IS Cl 


[erod* • Brief description is 


presented of the four wain alternate types of positive displaoenent 
ptSCTi which were studied for application in the purge c a scad e * Done 
of these wfiHrv finally chosen for the reasons noted below* 

(1) Shaker Pump* • The shaker pump* investigated at 

e 

J&ssaohusetts Institute of Technology* showed early promise* It con¬ 
sisted of a loose piston Inside a cylinder which osolllated in an 
axial direction* fits poop required no liquid lubrication* and no seals* 
slnoo there wore no piston rods* but it did require flexible gas Inlet 
and outlet connections* Shaker pimp development was abandoned when it 

r 

was decided teat the mx y problems involved would require an inordi¬ 
nately long time for solution* The interrelationship between piston 
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wolpht and itroto| speed, and work done made proptr oontrol far varying 
conditions quite difficult* The valve inertia problem was also serious* 

(2) Paddle Ptrp* «• Deei&i work in the paddle type 
oaohlne was done by the Anar lean Machine Defense Corporation (App* A) 
under subcontract with Coltsabla University* The puaps oonslsted of 
an osolllatlng paddle travelling on a carved cylinder* The paddle was 
■omM on ntonml tra^m, «nd th. p*Ml» rod m» .«W ty » r»- 

e 

tallle bellows* The paddle did not have to roly upon pressure against 
cylinder walla for guidance* a large piston dlaplaoenent could be 
obtained with only snail bellows deflection* and bellows life was longl 

e 

but the unit was etsqplex and required various bearings* cranks* oon* 
nsetlng rods* roekers* ste* The paddle eas deforaed by large Inertia 

e 

forces* A great saount of development work would have been required 
to adapt tele pump to large soale use* 

(5) Rotary COcapressor* * The "Roots Blower” Is a 
nod If led rotary oonprossor with aste r nal gears and bearings* and too 
figure ”8" Impellers* DO Internal lubrication Is needed* since there 
are no ribbing surfaces* leakage is not objectionable through the 
few thousand the of an Inch olearanoe b e t w ee n oen and housing because 
pressures handled are generally low* The "Elllottelysholn" rotary 
compressor retains the advantages of tee Boots type* but has greater 
efficiency because oonprsssion is store nearly adlabatlo* Bello&l 
Ixapellers are provided* and discharge and Inlet parts are at opposite 
ends of tee easing* Xc thy 1944 tee Elliott Company was asked to -do* 
terrains tee feasibility of a 800 cubic foot per minute model* That 
company proposed carbon oontaot# bellows-supported seals to be oooled 
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with nitrogen* Too tools wore to bo used ot oaoh ond of the rotor* the 

ipeoe botnoon being filled with seal gat* Oil teals were to bo provided 

* 

ot the goor oasings* Further work on the rotary compressor woo dis¬ 
continued in August 1944 because of suoh disadvantages os the require* 
went of four seals* and the long tins nooeasary for a oocaplete develop* 
aent* Purthemore* at this tins the status of reciprocating pur?) 
development was evidently satisfactory* 

(4) lhppetic Ptsap* * This type represented a develop* 
mint of a rod lest piston ptaap without the defeete of the shaker pur?* 

A magnetic piston* encased within a non«oepjetlo* thin-walled cylinder* 
woe oade to osoillato by Beans of an e x ter n a l aeohanioally oeolllated 
eleetrowoagnet* The ptsap required neither aeale nor flexible leads* 
important problems involved had to do with development of a suitable 
aagnot* internal lvhrioation* and equAlisatien of sngnetio aide pull 
on the piston* In order to provide gas film lubrication* a rotary 
notion was given to the piston by adding a three-phase Induction motor 


section at the top of the piston* An experimental nodol was built at 

% . * 

the SAli Laboratories in July 1042* using a magnet supplied by the 

f • 

General Eleotrlo Company* Tests showed that at 400 RPH Inertia forces 
pulled tho piston away from the aagnot and oausod it to strike the 

9 

cylinder heads* Development was discon ti n ued * since it was felt that 
the ptsnp was too massive in relation to its oapaolty* 

b* Choice and Development of Reoiprooatinr Ptsap* • Tho 
reolprooatlng type puop was ultimately chosen for use in the purge 
oasoade* Original development was dons by the American Msohine Defense 
Corporation* and production was handled by tho Vblloy Iron Korku* 132 
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reciprocating stage pimps are Installed in the purge oaseade* This pump 
possessed advantages over the types mentioned above in addition to the 
relative simplicity and ease of construction* The amount of develop* 
ment work required to work out the detailed design was considerably 
less than would have been required with one of the more specialised 
tppes* The entire pump design (Fig* 8 ) was very greatly influenced 
by the type of seal eh os an* 

(l) Seal* • A bellows type seal was selected* Other 
methods were considered such as the use of a long* straight* heavy-walled 
rubber tube* The only rubber which showed a possibility of being 
sufficiently resistant to attack was butyl rubber* but its aeohanieal 
properties were entirely unsatisfactory* A oarhen seal was developed 

O 

which oalled for a staffing box of much simpler design than the bellows 
arrangement* - The sealing material was compounded fran. carbon and a 
speoial highly fluorinated organic polymer* The material was found to 
be seriously subjeot to ohsmloal attack by prooess gas* but might be 
suitable for use at concentrations below one mol per cent of TJFg, 

Interest in the oarbon seal was greatly diminished when it was found 
that by reducing the design speed from 1000 to 760 KPU* the life of the 
bellows seal would be so greatly inoreased that seal replacement would 

% 

no longer be a great problem* To Insure a reasonable length of life* 
the stroke was limited to 1/5 of on inch per bellows unit* Ths maximum 
tolerable unsupported length of piston rod was taken as 24 inches* which 
allowed the use of six bellows wits* The total pump stroke was there* 
fore set at two inches* To counteract the destructive forces set up by 
inertia vrnvoc, each bellorn unit was arranged tc be independently 
























ELLIOT CENTRIFUGAL CONDITIONING PUMP 
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„'seewer , 

■imported and oonetrained to move a oertuln distance toy naans of a 
pantograph or "Iasy Jaok"* To avoid the possibility of roaotion of 
prooess gas with oil, a fluorinated oil (02144*) was used to lubri* 
oat# the luy jaok* The bellow wore cade of phosphor borons** 

(8) thlvos, • large fair# area and light alit 

% 

action were required for satisfactory volume trio efficiency* loaf 
salves were ohossn consisting of llgit sheet natal springs elanped at 
one and and oparating over slotted valve parts* 

(8) inhrioatlon* • Process gas servos as lubricant* 
To ainiaiae leakage of gas past the piston* a clearance of 0*006 lnehes 
was ohoeen and proved satisfactory* 

. 6^e Conditioning Pt bps* • The conditioning pumps (Fig* 4) are 

a 

need to oiroulate n i tarogenwflnorine mixtures at elevated temperature 

throng the oe a ve r ters prior to Installation* Materials of construction 

# 

suitable for prooess pvnps were also used for the conditioning pts aps* 
Conditioning gas is srneh lighter than prooess,gas, and a peripheral 

e 

speed was required far in excess of that suitable for prooess pumps* 

Two stags lapellers were neoeesasy, both stages being equipped with 
diffusers* A rotary speed of 14,400 rpi* was specified, and speoial 

4 % 

do tors were developed toy Westin^iouse for 8 phase, 240 oyele ourrent* 

m 

A disc seal is provided, but since leakage requirements are less severe 

than with the prooess pvnps, only one rotary and two Stationary discs 

r 0 

were neoessaiy* Tightness was attained through the sane construction 



technique used elsewhere at K«26* Bo lnlaakage was permissible, but 
out leakage specifioations wore lose stringent than in the ease of 
prooeso pumps* The ptains were manufactured toy tho Elliott Company* 
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B"»7« Coolant Pwapg# • A pimp la required to elroulate the 
special process coolant# perfluorodiasthyloyolohexanB# through tho 
cooling ays ten of eaoh aim* tags cell throughout the prooeas easoade# 
About 700 aiaeh pimps are Installed is sisea varying from 6 to 860 CPI! 
under heads of 22 to 178 feet* Horsepower series from 2 to 150* Since 
the coolant is axponslve# It is important to alnlnlse inventory and 

a 

losses by leakage# The puap developed (Fig# 6) la of the vertical typo* 
is moun te d at the bottom of a surge drum# and takes suction dlrsetly 
from the bottom head of the tank. Pimp bearings are lubricated by the 
coolant. The abaft passes up throufh a tube running to tho top of tho 
tank# A seal is placed at tho upper end to prevent outloakags of nitrogen 
aaintained wider pressure in the top of tho tank# Tho Motor is M oun ted 
on top of the tank# In this way no liquid eon be lost throu^i the seal 
except the email amount which ml(£it vaporise Into the nitrogen. Yfcgner 
motors wore used# and the pimps were manufactured by Pacific Pumps# Xao. 

5-fl# Process ass taouua Pimps. 

a# Requirements# - those pumps are for evacuating process 

«sMMe»^sHMHesMseeemMMM» ^ 

gke from equipment prior to maintenance^ oto# therefore# the by now 
familiar specification of no out leakage and vary little inloakage was 
necessary# hhs r sa s an ordinary vaouim pimp possesses a leakage rate of 
about 60*000 micron othlo feet per hour# a rate of 1400 micron oubic 
feet per hour was the maximum permissible for a process gas vacuum punp# 
Welded construction and a speolal seal mere necessary# All orguolo ma¬ 
terials were ruled out to prevent oonsuaptlon of process gas# 

b. Development. - Early in 1044* lCellex and the Beaoh- 
Russ Company started development of a special rotary# oll-cealed msohani- 


PROCESS GAS VACUUM PUMP 































oai vaoutsa punp for prooeoa qu« A magnetic oil lsvol lndle&tor woe 
developed to replnoe the conventional glace eifjit pxugc 0 The usual oaet 
iron was replaoed by a material clsdlar to SAF«<J5 bronco* and by loir 
carbon stool* For easy aocoso to the pus? interior* voided mown Joints 
were designed so that they could bo machined or r s "welded with ralativm 
simplicity* A quadruple Shaft seal was provided* and spooial highly 
fluorlnatsd inert seal oil was used* F.leotrio heaters wore Installed to 
smlntaln an elevated temperature while the poops were not running* far 
the nurpoee of redwing ltdirleant visooslty* as well as to prevent 
sondonsation of the proooss gas* However* at steady operating speed* 

i 

heat g en e ra te d is more than sufficient to natatain proper lubricant 
viscosity and keep the proooss gas in the vapor state* A cooling water 
System therefore bad to be installed* and required a double metal eepa» 
rating wall to eliminate any possibility of water finding its way into 
the UP- stream* Copper tubing was wrapped around the shell of the pump 
and soldered to obtain good heat transfer* Figure 6 shows the final 
deelgn* 

#•©* Fluorine Dhoiiua Pumps* • These pumps are for evacuating 
conditioning gae from proooss equipment* Requirements ore similar to 
those for the proooss gu vacuus pumps except that the outleakags 
specifications eon be somewhat less severe* Work was undertaken early 
in 1944 by the F* J* Stokes ibohins Company to develop a special* rotary* 
oll-eealsd, neohanloal vaouum purap to handle fluorine* flasket and 
flange deel&M were soap lets ly revised to use aluainun and "British 
Formula Rubber" • A rotary shaft seal was made up of materials resistant 
to fluorine* Cautinro were rigidly inspected to elluimto a possiblo 


aouroa of leakage due to porosity* As in the prooess gas vacuum props* 
a speoial seal oil ms used* requiring an eleotrie heating system* 

Curing operation* eater oooiing ms required* This ms provided by means 
of e op per tubing in the pooling epaeo* 15olten lead ms oast around the 
oolls* the load provided the nsoess&ry double mil* and noted as a heat 
transfer medium* With the oil used* whloh oontained considerable 
hydrogen* fluorine consumption me high* Thie led to an lnoreae# of 
oil visooeity* blackening of the oil* and oooasional burning of the p«q> 
valvee* A aeries of teste me run in the Kellex laboratories* circulating 
mixtures through the propc of six and tw enty per eent fluorine in 
nitrogen* On the basis of these teats* an operational procedure ms 
outlined* controlling the fluorine o one ou tre tlon fed to the pvpi an! 
the upper limit me set at ten per eent* This did not impose severe 
restrictions on the conditioning operations which involved the use of 
these props* The final design is shown in Pi give T« 

6*10* High Vaeiasn Props* * These pumps are used in ocosneotion 
with sees spectrometer leak detection work (Far* 6-4) to prop equipment 
to high vacuum* They handle air* require no special materials* and 
present no special problems* However* they must meet speolfie require¬ 
ments of high speed* hl($i capacity* and very high vacuum (10*® to 10*? no* 
of m ercury)* It is also required that some of theee units be rugged but 

• * t 1 

portable* In the system ehosen (Pig* 6)* the equipment to bo ovaomted 
is connected to a "Primary Prop" (Pig* 0) which discharges to the 
"Booster Prop" (Pig* 10)* Those are both oil diffusion mown pumps* 

The fpi6 than flows into a meohanioal vaouro: punp vhich is A Benoh-Suss 
rotary piston* Single stage* hifh vacuum* oil sealed unit* In order to 
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provost oil vapor from diffusing or flowing b&ok into tho spaee being 
evacuated# a re frige ra tod vapor trap is Ins tailed ahead of the prlwy 
puap# This trap is oooled by a Keetin^ouse seohanioal refrigerating 
unit* To develop the oil diffusion ptnps* programs were initiated at 
National Reeearoh Corporation# the ffestlnihouse Electric and Ifcnu* 
faeturlng Corporation# Distillation Produote# Iso*# and the Eel lex Ilash 
laboratories# The oil is heated electrically* Oil vapor risee in an 
inner oha&ber# and ie directed downward# die charging throu£i two annular 
nostlse into the epaoe be t w ee n the inner ehaxaber and the ehell* Copper 
eooling eater tubing ie wound around the shell and discharge oonneotion 
to condense the oil vapor which then rune back down into the oil reser* 
voir* A fluid log between the inner ehonber and shell walls prevents 
a book flow of vapor* For use throughout the prooose and conditioning 
areas at MSS* a total of about 188 unite were finally ordered fro® 
Westin^iouBe in 2000 and 4000 cubic foot per minute sites# Six units 
were bought from National Reeearoh for use at the Kellex Jersey City 
Test Floor (Vol# 8) and in the laboratories* Five units were purchased 
from Distillation Products for use in testing valves being manufactured 
at the plant of the Crane Company (Vol* 8)* 




0.2B 





t 


6*1# * The usefulness and practicality uf o. production 

plant arc oo pletely dependent upon A he proportion of poo i tire ocmtrol 
to whicli it ic cub/V^*, ogulution of procsso variables, constant 
kneeled~e of nroet—.. etroan t-uriiv# nd control of desired -oin^aloal or 
ebonioul transformation tuning placo during tho course of the mTvament 
of material through e Btrp^dso scrio3 of nroocnain.: operations arc 
prime requirements for effective plant operation# instrumentation ie 
generally provided first for the purpose of determinln ; operutinf 
variables and phyaioo^chcnlaul properties of the process stream, and 
sooorxl far the purpose of eontrollinr tltese variables either manually 
or autxnaitioally* Superimposed upon the usual problems inherent in tJie 
planning development, and’ operation o? a workable eysten of instrument 
tation# tboro is presented at the I>CG plant e number of unusual rev* 
quirenente and conditions which necossitetod a vast erorran of research 
and development includin'" theoretical considerations# formulatictr. of 
requirements, adaptation of available dovioos, and ori' iaaticn of new 
types to fit onocial needs# 4non the special conditions obtainin' 


within the f*2f plant ray bo listed the followin,t» 


1# I'-xtencive need for determination of preooao stream purity 
at a groat many points* ?t raia doened necessary to 
provide a uounc for continuous autor^tio determination 


of the individual proportions of prooosc diluents euch as 


nitreyen, O'-yrcr., 
every build in, ; of 


and coolant, cl 1>-c;■ t 
tlu min cacoade# th.: 


at or.c point in 
i '1*2 7 cti i-. ou<., 




end the purge cascade, 

Sub«<trcoflphcrio pressure of tiv* operating prooose, This 
results in tlxE denser, present throughout the plant, of 
inleakare of atasispherlo air, cm occurrence •which oennot 
be tolerated* 

Hifiily corrosive nature of the process mterial* Uranium 
hexafluoride reacts with glass, most bo tala, moisture, 
and organic materials* 

necessity for Isotopic assay testing* Instruments oapable 
of distinguishing between isotopes of a particular 
element are very few In ntnhor, and to date have had very 
infrequent application to industrial problems of plant 
control* 

nature of the sdle-long gaseous diffusion process* which 
is ultra-eonaitive to pressure waves and temperature 
variations* A eontinuous diffusional separation process 
demands a steady state, Pressure fluctuations* punning 
disturbances, and similar variations set u;> waves and 
surges whieh cause mixing of stream and loss of sepa¬ 
rative production efficiency* 

Severe consequences of variation of operating condltionc 
frori predaterrJne<3 values* An inioaksre of air or 
coolant at any one stare, for enamplo* produces stream 
contamination at that point, which begins immediately to 
be carried in both directions, tending to spread through¬ 
out tho whole oascudt, 7;iic ocji result in roduoed 


production rapacity end serious dam ye to tlie delicate 
and TfC.luc.Mc burr if t surfs. oer.« 

Bit vuct econo of the instruasntnticn phase of the K»25 devolo merit 
program, and the exceptional technical comlcxity of the subject natter* 
preclude the precentetion of raoro than a eurr&jy description in the 
present volume of the final method, of application of tho vurloic principles 
utilised* Accordingly* the reminder of this section attests* for tlic 
twelve out*tendin’ developments in gaseous diffusion plant inotruraen- 
totion, to describe the principle of operation in each ce.ee* the equip* 
xKat design end arrangement finally chosen to take advantage of tills 
principle* and tho ultlrdte method evolved for operating the asser&led 
unit* The mjority of thr devices do scribed bcluw wore developed and 
manufactured by collaboration of the Asllex Corporation with the Ojcncral 
Electric Company (a pp* l'V6, T)77* PTC)# Considerable work was also done 
at tea 5A^ laboratories* Othor firms participating in the program wore 
the J.boro '^roducte Company (App* D?6), the Uaylor Instrument Company 
(App* T’7P)* and the Republic Plow ) ctcr Company (Ape* D00)* Bie work 
done by those laet-naned ooneornn falls most properly mder the heading 
of eruipamt design and procurement; discussion of tills work is accordingly 
reserved for Volurw; S* I'or raoro detailed troetaoent of pa reticular aspects 
of the work on instrissontetdon* refer once should bs nado to the Kellesq 

I 

Completion Report, Seotion III (10)* to the pertinent operating rcnu&lf 
pro parted by teo Keller Corporation (the&e arn tabulated in Appendix CS 
of Volume G), and to training nonualn of tlr Carbide and Carbon Chemicalt 
Corporation* 
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of a msabor of tho moro nunercruE one xaore imortur.t inetruranr.tr. es¬ 
pecially developed and engineered to fit the particular and exacting 
demands of tJie i. acmes Diffusion lYoJoct# Tiic Kcllcx Corporation end 
the 'tonertl Floe trio Coepany worked out tho deoim and ranufacturins 
procedures for this equipment* Toe r»ss spectrometer, or ito fore¬ 
runners, have boon known for about thirty years* The instruncr.t has 
provided a powerful tool for workers In atomic ohysics, and hue recently 
been applied to analytical problene in several fields euch as the 
petroleum and synthetic rubor industries* 1 Unquestionably* its fjreetost 
application to da to has been to assay and production problem within 
K-25 and other projects of the Ifcnhattan District* 'Utkin” account of 
the difference a in relative oust among the various individual molecular 
or atanlo particles present in a cubooud mixture, tho mss speotro oot cr 
is suited to iso top io as well as ohacdeal assay testing, since, by 
definition, It is this atomic nans which distinguishes the several 
isotopes of a pivon element from one enothor* 

a* Historical Survey* - The origin of the sue spectro¬ 
meter dates from the year 1806, wtton !:* Ooldetcln first observed what 
were aalled n canal rays" (App# DOS)* These were later found to consist 
of stream of ionised particles, and are. now known as positive ion rays* 
In 1090 TT* t/icn first succeeded in producing deflection of ion rays by 
Beene of oloetrio and xa&rnetio fields (App* DCO)* Early work on dis¬ 
persion of positive ion boons one done in 1907 by J* J* Thomson (App* 

\ 

D100)* Later wort' by Thomson in 1915, involving studies of the behavior 
of lir-ht rases, enablod r * «v* Aston to announce the inportunt disoovejy 
cf two separate lcotcpes of noon* Tn 151G A* J, Dcrpcter (App, D101), 


r 



developed e. direotlan-rf'ocualnf' technique for oositive ray analysis, and 




in 1910 F* n, Aston (App, rlOS) deviaod & velocity foouslnc method# in 
18SS Aston published a oonprehsoslve text on the subject of aass spectre* 
grephy* and dosorlbed an instrument of advanced design (App* PlOG)* 

% 

V.’ithir: tie Manhattan Listrict* tlie ntso spoctraaster reocivod vigorous 
and intensive study and development chiofly under the direction of 
Dr* A* 0* C* Nlor (App* C2D) workla- first at the University of lOmo~ 
iota* and later for the Kellex Corporation* Par an extensive historical 
treatment of the invention* development* and application of the rase 
spectrometer* as sell as tho story of its use on a finantie production 
socle at the T*1S Projeot, the reader is roferrod to Boo’: V* 

b* Prlnolplu of Operation* « Several fundamental principles 
are oosdbined to fora tho bails for the operation of tho boss epoctro- 



(1) Poiratlon of Fjecfcron teejao* - A boar, of high 

m 

velocity electrons my be formed by enclosin’ within an evacuated space 
a hot filament and, at some distance from it, a positively Sharped 
plate* Die hot filament will exalt electrons* which trill be attracted 
to tho plate* The beam can be accurately aliened by impressing a 
m ratio field in suob a vny that its linos of force are rare.lie 1 to 
tie hath of the electron rays* 

(2) Ionisation of lises* - A rapidly travelling 
electron striking a gaseous molecule T'osoossea the ability to dislodge 
one or more electrons from tho ;ac molecule* oauain" it to boootne a 
positively oharped ion* 

(3) Acceleration of ^aoeoua Iona* * roeitivw /aaecuy 
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ions can be accelerated and directed toward a lev? potential tor ct by 1 
subjoctinp then to the influence of c. hiph etrcnptli electric field 4 

(4) Pondin', of Ion Iteys* » horEfclly, the aoee 1 crated 
ions travel toward the tairret alon a rectilinear path parallel to the 
lines of force of the eleotrio field lsnoscd# However, if a mr*utic 
field is auncrimpoaod with its lines of foroo orients in a direction 
perpendicular to -the natural path of the lone, it will tend to dofloct 
then from their straight line oath, and oause than to travel in circular 
area 9 the amount of deflection boin- greatest for those ions of lowest 
case (Fir# 11)* That i># the heavier lane will travel alon; arcs of 
pron tor radius of curvature# If tlio ions wore permitted to etrlhc a 
tarpot wall interposed approximately perpendicular to the direction of 
travel, it can be seen thf-t the ooints at which lone of different mssoo 
•trike would bo distinot frcci one another, and would be arran- ed in the 
order of their respective relative nesses* A conns is thus available 
for separating molecules of different walrhtn, and for sortinp isotopes* 

(6) Discharge of lone* - As the nositive lone 

* ■ ... . 

strike tiie relatively negative barpet pinto, they take up electrons, 
beoocinr eleetrioally neutral# This results in the attraction of acre 
electrons to the plate fron tie ertom&l circuit, l#e#, flow of con¬ 
ventional eleotrio current from the plate# Tnc napnitu&e of the current 
produced will be in direct proportion to tho m*i>er of ions discharged 
per unit tin:;# If c9nditions are so am n,red tie.t only tlie ions of a 
•peoific mass arc allowed to roach this "collector pisto", moaourenont 
of the plate current will rive an indication of the nurber of r.olooulcs 
of this particular naoE# 
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(G) ?)oe of flits, - 'I'hle udoctivo condition eon 
be antuifTod by shielding out all ioun except those of the dosirod rrul-ht, 
A shield can be Inserted in front of tho collector plate containing e 
narrow slit at the focal point of lone of the specific naee desired. 

They pass iljrouph the olit and strike the collector plate, while others 
arc intercepted by tJis wall, Other slit erran-onenis oon be employed in 


the apparatus to orient, focus, and air. tho electron end ion beams« A 
striking analogy oaa be* drawn between tho ainin • and focusing of iar; 
beans by slits, and tho sirdlar control of light beano by glass lensno, 
Tiie optical analog/ ix furrier strengthened, and visualisation of sues 
spectr o meter action aided, by eocparln:' the dispersion of a nixed boar: 
of ions of vuriouc ms see to ths dispersion of a boon of white light 


J_”to its various coaponent wavelengths by a triangular glass prion aa 
applied in the woll-fcnowa optioal spectrometer, It is from this analogy 
that the nans ’’noon eoectroaoter’* is derived, 

o. Corn orient .arts, • Referring to Figure 12 which shows 

a typioal eooctrcraPter tube arranronont as used in tho ''Lino recorder” 
to be described bo low, the ’'source" and is housed in a glass envelope 
which is attached to the copper analyser tube by moans of a Kovor**«to** 
gloss coal. The tubing surroundin' the collector plate is rado of 
niohnl rather tlran copper to avoid tho evaporation of octal cri the 
insulation supporting tho collector load, A gas inlet and a l«*G/b inch 


copper vacuum pur?) load arc provided, Sectional drawing M AA" shows 
filament F and electron oollootor plate T, The poles of an Alnioo* 


the 


aagnot are placed ua shown for the 'urpoee of accurately allmain g the 


electron boom, In the r.c.iu dreoin;-, tlr- electron bean cross see ties. 


»A ? I ""* 



NOTE- r ’ 

frqUIPMfrNT SHOWN DOTTE-D. t ARGOM \NLfrT. 















is Indloatod an a heavy dot innediately above the slit in the shield 8# 

A series of slit plates# Jl# J2, J3# J5# and 3 oro provided# in l i n e 
t.'ith the oouree# J1 end J2 are a op lit pair# end penal t bond inn of* the 
beeci to one side or the other to compensate for ianerfeotdo -a in allgr* 
nent# as veil as for the slight bonding of the ion bead produood by the 
magoetlo field used fbr aligning the electron boon* She reminder of 
the plates form a "leas" whlah not only increases the intensity of tl*» 
ion beam entering the magneti© analyser# but also prevents a dropping; 
off of ion intensity for all but the lowest energy lone# The two plates 
narked 0 are grounded along with the magnetic analyser housing to which 
they are .tied* 

d* Method of Pee* * The spectrometer tube is continuously 

evacuated by neons of a diffusion p\snp and moohanioal fore pixp systeo# 

fiemple gps is introdueed Into the eouroo box and ionised by the electron 

beam# An ion bean Is foraed and accelerated ttirouj^i the analyser tube# 

The relative anoust of a particular constituent is detareined by 

measuring the oolleotor plate current with acoelerating voltage difference 

between the positive electrode and the oolleotor plato so adjusted as to 

cause this constituent only to focus on the silt in the oolleotor plato 

Shield# Selection of the component to be oo measured is cade by suitable 
* 

regulation of accelerating voltage# since for a given magnetic field 
strength# the curvature, of the path followed by eeoh ionic species will 
increase as this volts re is lowered# An alternate method of ion se¬ 
lection could be worked out bated upon the regulation of the nagnotio 
field strength# However# the first method is employed in maos spectro* 


motors at K-2h. 


Specific f plic'.'.tionr. for 


instruments utilising tlie 





















mass spectrometer principle are presented in the next three paragraphs. 

6-3. line Recorder. - Effective operation of the u-25 plant 
requires that the chemical composition of the process stream be knonn 
at all times and at many points. This is necessary in order to de¬ 
termine process conditions and to detect various types of leaks as soon 
after formation as possible. Continuous analyses are run primarily to 
detect an abnormal rate of inleakage as soon as it occurs so that if 
it is serious, immediate corrective action may be taken. The line 
recorder thus serves primarily to keep e continuous graphic record of 
tho concentration of various contaminating gases, but also presents a 
means of cheeking casoade inventories. It was developed by the instrument 
department of tho Kollox Corporation with tho cooperation of the General 

a 

Electric Cocpany, who manufactured tho unite installed in the plant. 

a. Principle of Operation. - The heart of tho lino 
recorder is e mess spectrometer of moderate resolving power. A number 
of accessory parts and auxiliary instruments are required, and were 
especially adapted for this service. The special principles involved 
in the operation of these items are described below, 

b. Component tarts. - The schematic flow diagram for the 
line recorder is depicted in Figure 13 (facing p. 6.8). The eleotrleal 
connections are represented In Figure 14. Figure.16 (feeing p. 6.13) 

shows an isometric drawing of the complete assembly• 

\ . . 

(1) Mass Spectrometer. - The function and finally 
adapted fabricati9 u detaila of the mass spectrometer tube, or line 
recorder proper, have been described in Paragraph 6-2, and are depicted 
schematically in Figure 12, facing page 6.7* 




C) 


¥ 

(2) ■'ln~-.nl •» Sig rlitUil pupo Is actually n 

pressure indiontin:; inetrvucr.tp but is used In the line recorder to 
Bnasura rate cf flor/ of the pas sor.;>3c entorin;; tlic Bpoctraaoter tubo. 
Since flow rate and proeaure of the jy.o ore interdopendenty It Is 

i 

baacxf upon tlv- principle tlfaty within the pressure runpe involvod« the 
rate of heat lossy and hanoo the tesnonaturoy of a hsc.tod wire, depend 
upon - he treasure of the aurrcnsidlr.;:; ^ub« Hu) temperature of the wire 
is neasurod by noting its change in electrical reels tnneo* 

(8) Adjustable Lesley • It Is nocesa&ry to oon tap u l 
tho fe.e flow at the inlot of thu tube rue’: because tho speotruaotcr teujo 
is built to opera to r.t a hinmi ptpo roudlr. of about 100 nillivolte# 
lb regulate accurately tho oxtrtwaaly ss&ll flow roquirody a novel valve 
wl.b speoSally d.rviood known ao tlv. "udjuatublb lout"* ijs shown in 
15y iiit' fus is throttled by passage through a null annular 
•pace tho alsc of which ia dopeudont upon tho proseuro on tlu» le&l: 

■fcuboy which is regulated by u cluiap* A aapillary tube lo provided at 
the entrance to tho leak in order to provost effusive fractionation 
cukI d'ua; < of cccf’OOit-cn of the gps.s pauuin. tlurou; h tiio looby line 
adjustt-blc- look eoul! roduoo a:: atrx)ophcrio supply proa euro to 1*7 
nilllnot'-rc of norcicyy 

(4-) Ch^dauJSTu^ « In order to prevent tube oon- 
ta..vine.tis::. by deposition of IC’-y a cherdoui trap is provided to rerxvuy 
c..~ reaction v.itb aarcusy* ^ urtadtt.: Ucaaafluoridc free.* tlv.< rdaturc 
enterin';; the tux; rach before It enters the e;:©c trace t*:r tubs* iba 
trap i o ehocvn ia i’ipurs 1G« Vereury dlotllle Irct. Its reoervolr and 
diffuse.; vhrov’ b Vj.- l/t inch, l.-olne ir t*v jiietel tul>:s servo uc 


fi’-urc 


J* « r:-» 




OMCMPrtON 

TT 



LEM CLAMP 




CftPILLhR Y Pi.UG 


capillary 


5 INLET - 


JAW 


GAS OUT LEI 


LEAH TUBE- 


■LEAH PLUG 



HANDLE 


« Adjustable Leak Clamp 


FIG. 15 


THE KELLEX CORP. 





Cold Spot. 



MtR r . 'IKY D OOL 


CHEMICAL TRAP 


B_Ehi 



FIG. 16 



entranoe and exit lines, respect!rely, for the gas to be analysed. Upon 
reaching the cold spot, the mercury condenses in sufficient quantities 
to reduce its pressure at this point to its usual value at the cold spot 
temperature. The condensed mercury then continues on, and reacts 
completely with the UF^ a short distance up the tube. Lxcesslve 
quantities of distilled mercury may drop back into the reservoir, together 
* with aqy reaction products which flake off the walls of the tube. To 
prevent these reaction product# from "poisoning” the mercury surf see, 
the nickel tubing it extended below the surface so that the region below 
the holes in ths tubes sots as a trap. Ths cold spot oonfinss the reaction 
region, and limits ths mercury pressure. To make certain that the 
mercury does not eondsnse before reaching ths cold spot, s waning fin 
is attached. This also prevents any excessive cooling of ths reservoir, 
and assures ample flow of mercury to the sold spot. The low temperature 

ft 

of the cold spot is maintained on each of the two nickel tubes by 
means of a copper finger submerged in s slush of trichlorethylene 

i 

and dry ice.. The closed tube shown in tbs figure, projecting vertically 

ft 

from ths reservoir chamber, la ths mercury charging line. 

(5) Glass Trap. - Gassa leaving the spectrometer 
tube pass through a glass trap interned in liquid nitrogen. The 
function of this trap is to frees# out mercury vapor which might find 
its way into the stream from the mercury diffusion pump. The trap also 
prevents the vapor pressure from interfering l° n 8*6° reeding, 

end eliminates the possiblility of mercury vapor entering the spectro¬ 


meter tube. 













(6) Ionisation Cage* 


An ion gage tube (Fig. 17) 


was adapted and manufactured by Distillation Products, Inc. It lc 
connected to the glass trap inlet to measure the spectrometer tube 
pressure at the pump lead. It is set to shut itself and the spectrometer 
tube filaaient off in case of vacuum failure, so as to avoid burning out of 
a filament. It consists of a source of electrons which fall through a 
potential drop of 100 or more volts, and a means of collecting the 
positive ions formed from the gas by electron bombardment. The ions 
formed are collected by the negative plate. The resultant plate current 
is measured} for a fixed electron emission, it is proportional to the 
gas pressure. 

(7) lumping Equipment. - A two etage mercury 
diffusion pump is provided, having a capacity of six liters per second at 
a pressure of 10”° millimeters of mercury* It is backed by a mechanical 
fore pump, and an oil trap is inserted between the two pumps so that, in 
oase of failure of the mechanical pump, its oil sill not be drawn into 

I 

the diffusion pump. Two thermocouple gages are provided to meaeure the 
fore vacuum. Similar to the I Irani gage, these are also "hot wire gages" 
and determine gae pressure from wire temperature, but instead of measuring 
the wire resistance, a thermocouple end mill!voltmeter are used to in¬ 
dicate the temperature of the wire directly. 

(8) High Voltage Supply. - 2500 volts direct current 

le required for the operation of the line recorder. 

(9) Control Panel, - The function of the control 
panel is to divide up the high voltage so that the proper accelerating 
voltage appears at the source, 
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. (10) rjojoelon Ro-ulater* - An erdooion regulator is 

Included In then dec I n to furnish voltage Tor tho reminder of the 
source* and to provide filawnt ourrent eo rvgi listed tint tho totel 
emission remains constant* 

(11) Arron Lye tea* • leans wore orif^nally pravidod 
for introducing a nail Quantity of arron Into tli© pas stream as a call* 
bra ting pas to show any changes In sensitivity caused by aging of tho 

l * 

tube*' ibis equipment Is not used and Is bein’* rosmd from tbs 11ns 

« 

rec or der s * Standard UFg-nitrogen sarnies are now used for oalibration* 

(IS) Atplifiontion Systera* • Tho pro — nplifior and 
amplifier serve the i mpo rtant function of moamirin;- the ion current* 
Currents as low as 10"’*& amper es can bo brought within a measurable 
ranr;e by tho use of this apparatus* The arr llf ior consists essentially 
of a vacuum tubo voltmeter with a high roaistanoo grid circuit* 

(IS) Voitn.ro Stabiliser* — lho voltngo ctabilisor is 
a oaasrolal stabilising unit which is intended to smooth out fluctuations 
in tho 11C volt alto matin * current obtained from the ralnsj uao of this 
device makes It possible to slcplify the design of tho other aooossories* 

l 

(14) Report)or* - The recorder noolswism switohoe the 
speo tr c uol er tt£>e volta-oo to the roquirod v lue for eaoh Ion to be 
naasurod* soleotn the sensitivity of the amplifier* «nd records t!«j 
Individual corponent oanegntmtiono in benac of asp lifted plate currents* 
by means of a Leeds and Rort-’tru^ recording potantienster* various 
diluent concentrations are thus eosordned in a prearreuved cud continuously 
repeated sequence* Sho result is a set of ourvee which fraphioully 
portray the tino*vnriatlon of eaoh oerponaat* 


c* Ifcthod of Ueo* • ifcrt of the dlsc v ia.r"r> from th-. A 
pirp of the sixth stare of tf>e coll belli- nonitorod Is circulated oori« 
tinuously to the ope re. tin- floor through a hooted manifold and returnee 
tc the auction of the sane bunp* About t reo cubic oen time tore (or 40 
nlllir-rerxi) por day of UTg lc blod to the spoctromoter tube by noons of 
the adjustable loch - # Iho tt£>c operates at 10“®» 10**' nUlimotars of 
mercury* Hie total flev rate of gas entering the tube raok is Boosurod 
by moans of the Plrenl rare* tJF* is ehodoally removed from the stream 
before it reaches the spectrometer tube* and residual rases are measured 
by moans of the spectrometer* Sixteen points arc included on the 
printing devlca which operates on a 6*4 minute oyolo* All evon-ett8±>orod 
points record tho concentration of nltroiren, which ic ordinarily the 
moot preponderant and most important diluent* Points 1 end 9 record 

oxygon concentration* and point 6 gives an indication of the preaanoe of 

* 

tydrogen fluoride* It is not possible to noe.su re the latter component 
accurately since much of it is prewabsorbed by the ohcsnioal trap before 
the sarnie stream readies tiie epectrorxrtcr tube* however* since a p orti on 
passes on through the trap* a qualitative indication of its presence is 
possible* Point 16 records coolant* nerfluoredinethylcyolohcxano* In 
this case* ions of sacs C9 are dote mined* In other words* instead of 
uv.’re loss of an elec tran, the CqFj^. (molecular weight 400) ionises by 
oloavago of the molecule* Point U> reoords the oerbined cosioontretion 
of 1 carbon dioxide and nitrous cmldo, which nay find their way into the 
process stream by way of leaks in various process refrigerant systems 
(Vol* 5)* Hie instrument cannot distinguish between COg and BgO since 
they havs identical ionic masses* nonely 44* Polntc £ and 11 are us'-d 


to chock the? Piranl yiyo sample flov- reedinr, and point 7 provides i*or 
fin amplifier instrument sero check* UF« concentration is determined by 
difference* As cm inherent oonsequenoe of a method utilising subtraction 
of quantities, the accuracy of Di'g detemlnatlon drops sharply if the 
line reoordor is used whoro the amounts of nitrogen or other diluents 
are large, since a one per oent error is possible in aaoh spectrometer 
reading* UFg cannot be effectively determined where Its oanoentrution 
Is as low as two per oent* The UFg content cannot be measured directly 

I 

in the lino recorder since decomposition of the hexafluoride sharply 
limits the life of the tube* A special mck is be in* developed at this 
writing and is applicable when UFg conoentratlon Is so leer as to cause 
serious error in the difference method* In this device the ehsuieal trap . 
is omittadf UFg and hydrogen fluoride are determined directly* The 
useful life is subject to 1 Imitation by decomposition and oorroslon* 

Tbo lino reoordors aro installed in eaoh proeeec or purge building in 
K-26 and K-C7* A oopper tubing manifold system is provided so that 
either lino recorder in a riven buildin - may be valved to any cell in 
that building* One is usually eonneoted to the top aotive cell so os to 
monitor tho inleakage to the building* this is called the "principal" 
line recorder and actuates a corresponding "slave" r o oor d er in the central 
control room* In this room a survey is continuously available of process 
stream composition throurhout tho aa sonde, The lino recorder is very 
flexiLloj frequency of analysis, contaminants analysed, range, and 
precision can all be varied as desired* For nan-routine work tho recorder 
pro'pram can bo o^iangod to analyse for different oaeponents, or to givo 
mro frequent a-inlysos of u spocific oo»:onent* this is dono, for 


G.lfi 



exaiqp]c,whon It is desired to test for loav-o willi carbon dicesldo as a 
probe Such a method has been developed as an alternate to tho 

original vacuum tosting procedure (Far# 0-4) v/hloh requires shutting 
down# emetmtinr# and repeatedly purging tho cell in question until it 
is free of proosoo pas# and then probin- with holiua# The carbon dioxide 
method permits probinr* of suspeotod areas without shuttin, down the cell# 
and while it is in full prooess operation# utilising tlje lino record or 
to indicate penetration of probe gas through a leak in the system# 

J 

Instead of a portable lead detootor speotarometer# The method effeoto a 
great saving in the amount of prooess interruption tlse| the oell is not 
taken off stream for leak repair until all the preliminary wosfc of leak 
location has been completed# 

6*4# Leak Detector# • All previously existing methods for leak 
detection# tuoh as soap bubble testing and mte«ef*q>rMSure-ohaag» 
methods# woro oospletsly unsuitable for use in K-26 equipment tooting# 

Zt was very liportont to bonoeive and develop a radically now method 
wfrSoh would bo very aonurato# vwry rapid# and capable of disolosing 
e xtre m e ly smll leaks# Early in 1944# experts on vacuum technology woro 
oallbd in to review tho K-35 vacuum program# Representatives from the 
>ncml r loo trio Coqpaiy# the Kbatlnghouse Flootric and Ibnufaoturlng 

4 

Company# the Rational Research Corporation# and tlic ‘nnhattan District 

attended & two«day conference# at whleh tire it was generally agreed 

tint the Kollex dealm featuroo wore sound# and that the proposed 

0 

tostinr toclttiquee woro bettor than any previously known methods# Tito 
problem mo finally solved by development of a method involving the use 
of a probe gas and tacu spectrometer detector# 
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the probe gae because of Its non-toxic nature, and extremely low mole¬ 
cular weight, which makes it very suitable for use where ease of pene¬ 
tration through snail openings is desired. Furthermore, there is no 
possibility of clouding of test data because of traces of heliun arising 

• a 

from other sources and existing in the equipment or ambient atmosphere. 

a. Principle of Operation. - The mass spectrometer 
principle is used in the detector, which registers tbs existence of 
helium within evacuated equipment under teat, whem a stream of that gas 
is played externally upon an area containing a leak. 

b. Comoonat Farts. - Tha heart of the apparatus is a 
portable mass spectrometer. Auxiliaries include principally a high 
speed vacuum pumping eystam (Par. 5-10) and a source of helium gaa, 

e. Method of Uae. - The leak detector may bf considered 
aa an ionisation gaga (Par. 6-3b (6)) modified ao as to act as a "partial 
pressure gage”, since, in effect, it measures the partial pressure due 
to helium instead of the total gaa pressure. It la adjusted so aa to 
analyte for mass 4, the helium ion. Tbs equipment under teat is eon- ' 
ticuously exhausted at high vacuum. Ambient air leaks in continuously 

a 

through any leaks which may exist, but this has no affect on tha 
instrument reading. One operator plays a stream of helium system¬ 
atically over the surface of the equipment, and when tha stream strikes 
a leak, helium penetrates into the apparatus and la swept toward the 
vacuum pump. A small sample of this stream lo bled continuously through 

* • e 

the spectrometer tube, and when helium enters, its ions are deflected ao 
as to strike the oolleetor plate, producing a plate current reading which 
la noted by a second operator. The location of the leak la then de- 
fc* r mlnh& 63 kite fcolnt currently being prob d. The leak detector can 


J 





analyse for one pert of helium in 200,000| it cor therefore detect a 
lock of on® micron cubic foot per liour in c. typical cuaoade ooll* The 
amllest detectable look ic 0*01 moron cubic foot per hour* 1/^000 of' 
the total inleafeaf* can bo do tec tod as a single leak* Tito else of e 
do too tod lsfik con be estimated witliin about fifty per cant, Aoouracy 
down to fivo per cent nd'ht bo obtained if the noooBacry anre were 
justified by tiio nood# Tbo preoonee of Kg or lydrd^Ki fluoride in ttu> 
•mounted ays tan will daoage the leak detector, »o that equipment to be 
testod suet first bo thoroughly pur god* Over 200 of these instruments 
have been used at K-26, primarily during tlic period ebon newly- installed 
equlpmont was being prepared sad tooted for proeoss use* 

6«6* Assay tbohlne* - Iho purpose of the assay mohlne is to 
determine t)io isotopic composition of the uranium contained in prooeso 
fpL» samples (App* D54)* A sanple Instrument mas developed at the New 
York laboratory of the Kellex Corporation and turned over to the Ceaosal 
Else trio Company to serve as a model for manufoc turln ;- additional 
mehlnos* A cooperative development program ms undertaken by Kellex, 
SA1I laboratories of Coluehia University, and tho Carbide and Carbon 
Chemicals Corporation* 

a* Pricolple of Opomtion* » The instrument in an 
adaptation of thu mss spectrometer in wliieh oolleetor plates arc 
positioned to receive ion bonne oor rospondinr to TJ^gFg (macs 550), and 
lT s ^Fg (tauoo 3SS). respectively# Hie ratio of the corresponding ion 
currents la measured by moans of an electronic bridge potentiometer* 

The lsotopio assay of the sacp 1° oan be ooeputed by ooirrpcrlolfor. of th5x» 
ratio witdi that fro :2 a standard atuiple# At hi$i assay valueu, 



•*t r * 



iaotoplo ratio my be determined directly from the lost-current ratio 
without reference to a standard* 

b* Cocnonent Parte* — file assay mohlno consists of a 
mas •peotroeietor and the corresponding aoossserles* suoh as adjustable 
leak, punning equipment* amplifying end recording apparatus* No ehsn&ool 
trap similar to tint mod in the line recorder is used* since in tide 
instrument^ the UFg molecules thooDolves are supplied to the spectrometer 
for ionisation and analyses* 

e« Method of His* • Two field laboratories* sach containing 
two assay machines, are located respectively at the top and bottom of the 
main easoads* they are used to determine the effectiveness of separation 
of U-256 and U-SSG* and to cheek overall plant efficiency* Samples for 
assay are taken from a olroulatlan loop In series with the line reoordsr 
mnifold* the assay machine is undamaged by the presence of lirht pas 
impurities in the sample ?ut the hoxafluorlde oaueea gradual deterioration 
of the souroo* shioh must be periodically replaced* Contaminating coolant* 
'VW totwfenw irttt ttw u«r dotomlMtfcsi .lnoo it rota, n Ion of 
mss 881* which Is of the sacs order of mmltu&e as the ions to be 
determined*, the preateet source of imoeuvacy in assay machine de¬ 
terminations Is tho "memory effect 1 * which causes a lenwassay sample to be 
e r ro n eo u sly reported when it Sxroodiately follows a high assay sosple* 
the e r ror so induood is less than ten per cent of the assay difference 
between successive samples* and is minimised by uso of calibration 
standards differing only sllfhtly from tho expected process analyses* 
Standards aro usually available within five per cent of any unknown, so 
that the assay mchinc should be accurate within 0*6 per Cent* The 
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preellion of repeated measurements is 0.6 per cent, f‘rimary standards 

of calibration are not known with certainty closer than plus or sinus 

■ * 

three per cent; the results of low assay analysis are therefore relative* 
Using three operators for the two machines in each laboratory, seven 

minutes are required for assay determination from the start of sampling 

« • 

to the computation ol results; At present, downtime for maintenance 

f ' 

averages forty per cent of total operating time; continued improvement 
is expected in this situation as better techniques are developed* 

£- 6 . fission Oounter. - The fiesion method of isotopic analysis 

a * 

of uranium was proposed by the Columbia investigators, Sunning, Booth, 
and Von Orosse (App* D55)« for the development sork at the SAM labora¬ 
tories (App* D 56 ) e gram of radium was obtained on 19 November 1943* This 

a 

a <s used to prepare the source of neutrons needed for the test apparatus^ 
which was completed in January 1944# end shipped to the Clinton Engineer 
Works for use in the K-25 plant* As with the eaeay maohlne, the purpose 

of the gas fission oounter, the so-called "Little Gene Mod#l n , is to. 

% 

analyse a sample of process gae so as to measure the concentration of 

desired 0-235 isotope* However, the fission counter is not used to 

analyse K-25 product; Instead, two of these instruments ere installed 

in the K-27 cascade for the purpose of measuring the amount of light 

isotope remaining in the tails stream leaving the plant* 

a. Principle of Operation* - The method takes advantage 

of the tendency possessed by 0-235 but not U-23& atoms-, to undergo 

# 

fission when bombarded by neutrons of proper kinstic energy. A spurt 
of positive ions resulting from an induced fission reeotion can be 
repelled by a high potential plate %SL a grounded collector electrode. 
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IMfi in turn cc.uare a nonoutary flow of electric current from t» col¬ 
lector plate which* after suitable ars>lifioation, oan be detected end 
indicated by a nochaniocl ooxmter* Sinoc the nwiior of fission events 
per unit of tiiae will increase tilth tino oonoentrution of U-23G in the 
•arT'le, the number of ion bursts will be proportional to the isotopic 
concentration which it is desired to measure* 
b* Comoncnt "'arts* 

(1) Signal Can Stand* • The stationary stand (Fir;* 

19) consists of an outor block of lead* and an inner layer of petrolatum* 
A ne u tr on source Is provided* oonsietinr of one rran of radium mixed 
with berylllian# The source assembly fits Into a hole in the lead bloch 
adjacent to a container for the fission ohonfecr* A string method 1 b 
provided for lowerin'* or lifting, it front the well without touching; it* 

A quantity of hydrogenous material* suoh as luoite* is inserted into 
the well directly over the source* The fission oharjbor* or slrnal oan 
proper* is rsido up of a fas chamber* suitable electrodes* and a fre©so- 
out tube or "snout"* which rain tains the pressure of the prooese pas 
easple at a constant value equal to the vtxn or pressure of TE'g at the 
tespomture of an loo water bath placed aroxnd the tube* Hie top assembly 
of the ionising chamber conflicts of a block of lead and a block of luoite 
through which arc run. tht; pao line and electrical eonneotions to the 
fisc Ion olAnhrr* The prearrnllf lor box rente on a rubber mat or: top of 
the stand* Figure 19 shor/i; a simplified crocc section of the signal 
con assembly* The sipral can stand is fitted with four inches of 
protective lead on the sides of the radium poelect* and two incliec of 
lend at th . ton Kid bottori* Hit* inner layer of petrolatum servos as a 


SAMPLING 

MANIFOLD 


FISSION 

CHAMBER. 



MECHANICAL 

COUNTER 

AND 



TIMER 



HIGH 

VOLTAGE 


LOW 

VOLTAGE 

SUPPLY 


FIS. 20 


“ LITTLE GENE 

block diagram 










neutron moderator* Txi e - total weight of '.he arseeribly is about 1COO porndc• 

(2) Elootrloal Amcliinrlot:* • Figure £0 shews 

sohejiatlcally tlv> method of connecting thr various eloctrioal auxiliaries* 

A high gain alternr. ting ourrent azpllfier panel steps up the intensity 

of the fission pulses* A level setter panel is provided to out out all 

electrical pulses bolcnr a specified voltage level* Tho purpose of tills 

aeoecaory is to allow only those pulses to register which are due to 
f* 

fission (puMo are of a muoVi higher TOltofc lovely), since it is not 
desired to count pulses due to ordinary non«f iaiion radioactive dooey* 

The necessary high and low volte re panels are also provided* 

(8} Sealing Circuit* • The purpose of the sealing 
eirouit is to provide a moons of sealin' dovsi, or dividing the rate at 
uhleh tiulees arc fed to tho mechanical oomter, so that tho relatively 
slow tine response of the counter will not Unit the rate of pulse 
counting possible* Seale factors of 2, 4* 0, 1C, 82* C4* and 120 are 

x. 

available* 

(4) Counter and Tlnrr* '«■ The timer automatically 
cuts off the scaling circuit when a pro-eot tire interval has elapsed* 

A rather large tiw.* interval is required since thr- oeourrenee of fission 
is a statistically randan event* In practice, the timer ordinarily is 
set to out off after a run of eight rdnutos* 

(G) SajT-lin:- 1 On if o lrt Control Each* • Hiis servos 
to introduce into tho signal can a prooesc gae saaplo from t3*i line 
reoorder ronifold, or a standard sample for purposes of calibration* 

It io also used to ovaomte thr* sl'mcil can* 

o* ‘bthod or Use* •* Bit si'vv.1 etui chamber Is evacuated 
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to five microns or less, and them cJmrgod with prooeoc gac to a pressure 
of 10 to ID irdllimotorc of mercury, A snail enouat of the livtcrinl is 
froson down in the snout, by touching with a thin slush of dry loo and 
triohlorethylono so as to produce a pressure in the oon of 17*6 cilli- 
meters. A thornoc flask of loo wator is thon plaood around the froeso— 
out tube, and the pressure in the signal oon is e on t rolled to plus or 
minus 0.002 p.s.i.a. Neutrons are emitted by the beryllium of the 
source as a result of its Incessant bonbardnsnt by alpha radiation f re e 
tie radius, The welooity of these n e u tr ons is moderated, by passage 
throufh the petrolatm,. to a value suitable for causin'* fission In the 
U-236 atone bombarded within the sample eontalner, The counter is set 
to sero, the tiner adjusted for the Interval desired, the scale factor 
selooted, and the tiner started. Unless the counter begins to register 
at about one to two counts per second, it is stoppod, and the scale 
factor changed. The oountor is read after eaoh of a series of eight 
minute runs, The ice water bath Is renewed after fits runs, the voltage 
shut off, and the signal, can evacuated. The instruaant has an accuracy of 
about 0,5 per cent. High concentrations of UFg result in the deposition 
of fissionable naterlal on the Internal surfaces of the oar.. This 
deposit causes a "background” signal which is euporimposed upon the 
si goal bolng counted. The background lc tliercfcro checked regularly 
and applied as a correction to all readings, 

6-7, Spaoe Recorder, - Bio problem of analysing tlw gas la t!io 
purge cascade is complicated by the fact Cmt the composition varies 
greatly from. one ond of this section to the other betnoen the linitti 
of nearly pure uranium heaaif luorido and nearly pure nitrogen. The lint.’ 



recorder is deelpnod to analyse prooono ;xs containin'- relatively srx.ll 
anoints of irpuritins* To supplement tire ucu of the lino rooorder is 
the purge ooect'.dc, it bcoono necessary to dovolo; an ins trusses t which 
was tomod the "epaoo rooordor*** Its purpose ia to fire aocurato 
Indication* of very low uy* ©onoontrutdons to permit control of the 
nurr-e rate, and to check lose of' hi'it assay product to the ewtor. traps* 
a* lylnciple of Operation* • Uranium is a naturally 
radioactive element# Each of its three isotopes undergoes radioactive 
dlelntorratlan at a spontaneous and distinct rate* one result of vhioh 
is tho ecdsolan of high energy alpha, particles* Xf a sasple of process 
fee is admitted to a test oharibnr equipped for measuring the total rate 
of alpi& particle ig.d salon* tl» result obtained will depend on both the 
total amount of uranium contained in the saraple* and Its relative 
distribution among the throe natural isotopic forms t U-234* U-836, and 
r-230. The space r oo o rder affects a smeureusnt of total alpha emission* 
and in order to oomrart tills quantity to o fi ( "urt> whieh will express the 
cone miration of TFg in fciio diluont-oonialnln" process stream* it is 

l 

neoeescry to Imow tlw isotopic constitution, of the GTg present# the 
individual rate of radioactive doc&y exhibited by each isotope* Th® 
aotual open.•‘ion of the space rooorder (i#c#, th- rasasurexaoat of total 
alpha radiation) den ends up.n the principle cf gas ionisation# High 
velocity alpha particles colliding with :>e raolrculos, ionise tv*© latter* 
onus in g thoa to bocorw positively chor-ed* T!io ioxic eon be repelled 
by a positive : rid and attracted to a ns native td.ro* where they beoonc 
discharged by tsikinr u: 1 electrons* The result in a flow of electric 
current from th ocllcotor wire which is proportional to the nur.hor of 
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Iona formed, and therefore, to the number of alpha par tic Inc einittod by 
the uranium in tho sample* The ion current reorfintokon fran the 
recordin'* instrument ocji bo oanverted into por cent T.'-’g nrooemt in the 
-as sarnie by multiplyinr by a factor which, for a Riven terfierature, la 
a function only of tte laotopic constitution of tho uranium in the 
process nan* It is lntorostin~ to note that the t>-234 isotope plays a 
dominant role in determining this oonver3ion faotor, no tail tiu* binding 
the. fact that It is prosent in the total uranium to such a relatively 
minor e x te nt 0«00C atom per cent in normal feed material as 

a^minst 0*714 per cent for D-23G, and 06*20 nor cent for ti»238)* Tills 
Is due principally to the fact that the radioactive daocy constant* for 
U«*234 is about 2000 times that of U-230* and about 20,000 times that 
of B-538* Furthermore, at tho top of the main cascade, or in the pur pc 
easoade chore the space recorders are used* tho uranlra is highly 
enriched in eonoectrution of both tlis li L dvt isotopes* Thus U-234, boinc 
sliphtly lirhtor than IU2S5, mill enrich at least as muoh as the latter* 
durln- the oourse of its progress from the feed point to the top of t ho 

easoade* As a result, tho alpha particles emitted by tho IMS34, make txp 

% 

the vast majority of all the alpha mdlatdon prosent* Finally, the 
mm£>er of lone produood per alpha particle omitted by n-2S4, is of tho 
same order of magnitude as for the other Isotopes, and in fact somenhat 
rronters 13G,0G0* 

b* Component Parts* 

(1) Signal Can* - Bio si/ 7 ial oon (Fig* 21) Is an 
Ionisation ohamber with an internal diameter of' twelve inches and an 
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HFg* »nd the consequent danger of ft hl~h background* all octal surfaces 
arc of nickel, and a specie. 1 fluorocarbon plastic (LTi'-lO*) is used ac 
an insulator* The eollsotor wire, 0*025 inoheo in diameter* is mounted 
along the axis of the can* and eonneots to the p r ea mplifier mounted on 
the cover of the eon* after passing through a vacuum tirht disk* This 
disk hao ten oonoontrio grooves out alonf its inner surface in order to 
increase the eleotriocl leakage path* A grid structure consisting of a 
cylindrical ease eight inches in diameter sad t w en tyfour inches in 
length is noun tod oonoentrleally with the collector wire* It is node 
of nickel screen formed from 0*0051 inch diameter wire, and has a one 
Inch mesh spacing* The oan is held at ground potential* the eolleotor 
wire at a few millivolts* and the grid at several hundred volts* Thus 
all positive ions formed within the grid structure ore drawn to the 
central eolleotor wire* All internal parts are attached to the cove r of 
the signal oan whlah is gaaketod with on aluminum seal* 

(£) Accessory Items* • The oolloetor current passes 
through a pro ■nigplif lor* thence to an output motor* and to a single 
point Leeds and Korthrup recording potentiometer* It is equipped with 
alarm contacts and on extra slide wire for operation of a remote recorder* 
Two sort©*-connected sylpliortweealed pumps raise the pressure from the 
proeess stream value of about 2 p*s*l*a«* to 10 p*s*i*a* A rectifier 
and voltage regulator are pr ov i ded for maintaining the grid structure at 
a positive potential of either 800 or 750 volte* A filter is also 
included to minimise fluctuations* 

o* i'etlwd of Use* • TWo space recorders arc provided in 
each of tlie fciroe build in pa of the purge oaea.de* An Additional slave* 



recorder for eadh purge building reproduces tho readings at tlw oontral 

oontrc'l roon* Sample res ie taken continuously from the lino rooorder 

manifold* eoaproaaod to 10 p*s*l*a** passed through the Ionisation 

©horfcer, and returned to tho prooeos stream* Readings are recorded 

0 

periodically# Hie accuracy of tJie epaoe rooordor la on tho order of 
tiro per oent of the value reported* It oan deteot the proeenoo of eol 
fractions of UFg in nitrogen or other gas mixtures ae leer as 10"^# Its 
upper limit is set by tho radioactive contamination produced In the 
signal oan by high eonoentrationa of uranium hexafluoride* If the 

i 

instrument ie o leaned frequently to minimise tills baokrjromd effect* 
concentrations ae high as 50 ncl per oent oan be handled* but. it is 


' normally used only an goo samples containing low percentages of Ul’g, 
Under favorable oenditioru} (low baclcgromd and high assay of U-2S5 
isotope)* the spaoe recorder oan deteot one part of UFg In 10*000*000# 
C«6* Thermal Conductance cell* •> Tlie thermal conductance cell 
Is another device for measuring the amount of light components in 


xdxturo* of UF~* nitrogen* and oxygon* Hie mite were designed and 
constructed by the Kellsx Corporation* They arc of relatively simple 


and 


lnsaq>ensive^em^rt4 


c-it” ft • 



The thorani oonduotanoe oell 


is based upon tho principle that an electric currant passing through a 


wire Increases its temperature* and that the difference in temperaturo 


between tiie wire and tho (^s surrounding It reaches an equilibrium value 


uhloh is dependent on th^ mturo (and therefore the percentage ©orr>o- 
s It Ion) of tho gas* Since electrical rosistanoo of the wire Is a function 


of its temperature* measurement of this roaintone r by jacano of a TThoat- 


stone bridge arrangement rivc-s an Indication of the temperature of the 

wire, c,n<i tlicrcforo of tho oonoontrutia-i of light dlluantc in tiio process 
* 

b* Component Parte* • Tho therml oonduotaaoe oell (Pig* 
22) is oanstruotod from a cylindrical block of Lionel metal tlireo inolioe 
in dlimwter by eight inches lonr with two holes drilled for insertion of 
wire f iJamonte* The cavity containin'; the shortor filament* nEiioh io 
used as a compensator* is sealed off with air at atmospheric pressure, 

A double seal is provided for tho seoond filament which is enclosed in 
tho process f^ts to be analysed* Plastic seals are used* and held in 
place by brass ringd# These serve the double purpose of forming a vacuum 
tight connection* end eleotrioally insulating the filaments from tlic 
metal block* The oell block is Inserted In a bearing bronco support 
which measures three inches in outsr diameter and 8-l^J inches In length* 
and contains four holes for cartridge heaters and a mercury thermostat* 
Tho other eleotrioal bridge connections are also mountod on the oell 
block* They are rode of tern, non in wire wound on bed: elite spools* B» 
unit has a proteotivo cylindrical cover* and is thermally insulated with 
85 per cent magnesia pipe covering material* A self-balancing potontio* 
meter Is used to measure bridge unbalance* In conjunction with a Leeds 
and Northrup t'leromox strip chart reoorder* 

o* Method of Use* •* Tho thermal oonduotanoe oell is used 
to monitor tlu> purge rate in a normal building which Is used as a top 
purge building during a snllt cascade condition* A sarr>lo of prooess gas 
ic fed continuously through the unit* and an autorotio reading is printed 
periodically on tho moving cliurt* Tie instrument hoc an accuracy and 

C*2? 




reproducibility of one nol nor oont* v/hen pronorly calibrated, it can 
be used bo distinguish between any too components, or groups of components, 
with widely different thermal conductivity* Cells in use ere oalibrutod 
for HFq vs* ooQrgerrmitrof'wn mixture* The usual ranro of <h« instrument 
is from 0 to 100 per oent of dlluonts, with an aoouraoy of ono tool per 
cent throughout the mn^e* ihc relative error involved is therefore 
least at hippiest concentrations* 

s 

6-Q, Aoouatlo (ha Analyser* • The function of the acoustic && 
analyser, which Is used in the pur re cascade. Is to determine, indicate, 

a 

and record the volume trie concentration of light diluents in the pro ocas 
stream* and to aotuate a control neohanlss so as to prevent ever loading 
of hi© purge cells because of inoreaaod UPg concentration in the prooecs 
Stream being fed to a purr© building* The instnmwnt was first lnvostl* 
pa tod by tho Eellex Corporation) later development and oanufaeturo were 
handled by ttie General E loo trio Caopaqy* 

0 l 

a* Prlnolple of Operation, • The natural frequency of an 
aooustlo resonator is a function of the physloal properties of the gas 
contained within tho resonating chamber* Visualising a cylinder with 
a metallic) diaphrapri at each end. It is possible to oxoite one of the 
diaphragms by moans of an ad jaoent alternating ourrmt eleotronagnot* 
Vibration of tills diaphragm will then aot up sound waves which travel 
along the cylinder and set the second diaphrafja in motion* This 
diaphrap^a oan then bo made to induce a voltage in a second electro* 
magnetic eoll placed adjacent to it* The sound intensity, and henoo 
the voltage induced in tho seoond ooll, is greatest at the natural 
frequency of rooomr.ee of the- dm uabor* TO ion tho roooivor end driver 
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ocile are connected respectively to the input and output terminals of 
an electric amplifier* the ccsr.b 5 nation* under proper conditions, bocaracE 
.solf-oscilia tin at the natural frequonoy cf resonance of *&t 

oolucn* 

b* Component • : 'artc« 

(1) Prlrr-ry -Elsnent* • noferring to Figure 23, the 
prirwy element conslets of a resonance tube containing a diaphragm at 
each end* Behind each diaphragm* there is provided an oloctrempnetlc 
pole structure* Dto olootr om mot ooilo are teiotni as the "driver coil" 
and "roocivor ooil n ^ respectively* The diaphragms ore nagnoticolly 
com led to the pole structures* and between eooh diaphragm and its pole 
tip there is plaoed a rigid isolating pinto which confines the gas 
mixture to the resonance oltudjer and the snail space between tho dia¬ 
phragm and isolating plate* One diaohragm is excited elcctrom T.ctlcnlly 
by the driver coil* and la caused to send out sound waves uhioh travel 
through tiio cylindrical chamber containin ' tho fas to bo analytod* 
strike the second diaphragm, mrt cause it to vibrato• The vibration of 
this second'membrane then induooc a voltn^ in tie rooeivar ooil* T5® 

temperature of the gas mixture in the resonance tube is controlled by 

0 

a hoe tor anti thermostat* wiiioh formo part of tho primary element* The 
heat exchanger consists: of several turns of tubing enboddod in 02 ; 

e 

aluminum shell oa«>t around the reoonanoo cylinder* 

(2) Aocoosory I'tMrte, -> Tno oleotrio signal produced 
in tho receiver coil is sent to a modulator whioh also receives a • 

standard reference frequency signal from c tuning fort: oooillator* Die 




(i filter* and Hirouph cl vaouun tube frequency doubler# ami 1 b then fed 
into m frequency motor w'licL prcduoori c. direct current voltefte pro- 
portlorso.1 to the difference in frequencies# This voltage then actuates 
a Leeds and Norterup recording controller* Alternatin'' current line 
voltare to tee power supply unit Is held constant by a volte pc regulator# 

0# Ilethod of Use# • The ms r&jetuno is continuously 
•ampled at a point bolovr Hie bottom cell of thf- pur;*© bulldlnr# and fed 
to the resonance tube of tee urinary element# Tlie ays tea, consisting 
of the nritery element and amplifier# sets up an os dilatin' signal at 
the natural frequency of the pas oharober# Tills le dependent upon the 
composition of the tret pas# The controller-actuating volte pc io 
proportional to the difference between this frequency and the frequency 
of the etertdard slfiiul# Tho aooustlc analyser is connected to rcyulatc 
pneumatically the setting of a control valve looated in tee line carrying 
purged puses from the top cell of the building te Hie HIV traps# It 
thus controls the pur e mte at a nroper value dependent upon tho 
concentration of I!Fg present in tho rac supplied te tho buildin, • 
instrucw.it is aloo oomoeted to set off an ul&na Dipnoi.If teo value of 
the diluent concentration, ahould reach a point outside a specified 
ranrto# The instrument is entirely eutomtlc, bos a rapid rate of response# 
and presents un analytics: 1 result viiiel • ic practically indanondont of 
puc proasure# A typionl ran-r for tee ncourtio analyser i/ould bo 0 to 
20 per cent of lipht dilucr.te* but t : >o ran ~o can be changed vdian desired# 
Tho instrument posBeosos an accuracy of 1 volumetric nor cent# and ie 
CcnaitJvo to concentration olunpoe in thr ran mixture of 0#f. nor cent 
or mere.# 
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G“10« Iff An&iyger* • The r»aoiu*on<rit of hydrogen fluor5.dc 
concentration proo exita special difficulties because of its corrosive: 
nature* Several spoolal lnstruDonbo wore. studied for thic application, 
the viscosity bridge typo being scloctcd ac met suitable fr^tr the point 
of view of complexity’’, coat, personnel end wiiritenenoc requirejaont, end 
tin© lac* 

b« Principle of Operation. •> Thu viscosity bridge ic 
analogous to the elo ctrioul T>h oats ton© bridr©* Long xnetal capillaries 
are used as the four resistances, process sample entering one end of 
the bridge at high pressure (6 p*s*i*&*), passing through two parallel 
pairs of "resistors", end being evacuated through traps to the atmosphere* 
A differential pressure transmitter and recorder is connected bo tween 
midpoints of the bridge arras to indicate unbalance* A ohestioal trap, 
containing sodium fluoride to r a u ov ti the HI’, is insertod between the 
two e&nillarlee of one branch* This rosulto in a dirdnislied flow 

o 

through the second log of that branch, an: 1 , unbalancing of the bridge* 

The degree of unbalance is on Indication of IF oonocntxvtiou* 

b* Comonent Parts* • Four capillary legs end tin., 
differential proceure transmitter ami aodiin fluoride trap form the 
ir.et n raor.t jjroper* A conventional >neir>fitie recording, inotrunent ic 
usod to prooent analyses in graphic form* A vaouur> pung v.f th an 
aooocsorg' trap is also r.eoocsc.ry* 

o* Ucthod of Use* - Tn© viscosity brieg© in- aifc'.lys?T ic 
a 8oni—portable instrument, principally used to monitor the o&coade for 
HF unf low* Total sariplc flow ie maintained at 600 cubic centimeter; 
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fluorine and TTT\. conoar. tret loan are low, e inoe tboGc substances are aloo 
absorbed by the sodium fluoride trap# L lco* the prosonce of t! q trill 
altor r-fit viooooity, or.d therefore the rate of flow through tlic oaj.illury 
arno* Cila ttj. 11 affect the calibration of the instrument* Hie eodlun 
fluoride is changed about tnioe a week* Hie viscosity bridpe trill 
reoord up to ten per cent hydrofen fluorido with a relative accuracy of 
about 0*3 per oont* Hie faoos are evacuated to tho ataaoephoro after 
' pacts inf through a soda lizao trap which absorbs the hydrogen fluorido in 
order to pro toot the pump* 

0-11, Trace Indloatorc, - Traoe indioatoro are used to dotoot 
extremely low concentrations of UFV in tlio ataosphero, in oarbon trap 
effluents* in seal exhaust linos* and in pur^od or evaeufttod colls* 

Their principal purposes are to prevent loos of bi g and oontaxaimtion 
of runrinf equipment* as well as to mm of h&sardous traces of uronltaa 
in tho air* Throe typos of truee indicates^ }»vo boon used In tho plant* 
a* Prlnolplo of Oporatlon* - Traoe indicators function 

by exposin'!* oh end cal reagents to tho rue strean to be tested* Tho 
preeenee of HTg is disclosed by a oharuoterictio oolorution* 

b« Comonent Parts* • TS»e crystal type involves the use 
of e&lleylie aoid erystalsi the paper type utilises a piece of filter 
paper (eonotiraos cerryinn a drop of oil), Trttich absorbs uranlun oot>~ 
pouado* The automtic typo raises use of a novinp tape of filter paper 
ix.ipre^iated with potasoitn f errocyt-nid© through wtiioh a boon cf liyht 
is allowed to poas before striking and actuating a photoooll* 

o* hethod of Uso* - Tr. th-: oaso cf the ealicylio aoid 
tho crystals uro removed arid coupe.red with oolor ebsEulurdu after 


ft * 

lO*. 
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forpoeuro to a known flow re. 1x> of pas for 'e. pro-dr to mined time interval# 

It in suitable for the dotootion of IT* concentrations below tiiroe narto 

0 

per Edllion. Tho plain filter paper tyrjo to olioclrod periodically by 
tree.toont with potassium forrocyanide which produces a character!stio 
oolor. Tide is than oanparod with color standards* The automatic truoc 
indicator Indicates pas oonoentration continuously by moons of the 
photocell microasraoter# It my also be vised to sound an alarm-if the 
oonoentration becomes hazardous# The first two types are semi** 
quantitative) the automtlc type is continuous and quantitative# One 
part of UFq in 100#OCX),000 parts of air produce a 80 nor oent scale 
deflection in tho output motor# 

6-12# Infra-Re d Absor ption Ifetor# • Bio infra-red absorption 
motor is a portable leak detector of epeoial design# used for looating 
leaks of CnF*g in coolant lines* drums# and proooss ooolors* It was 

I 

developed by Kellex and mnufaoturod by Baird Assooiatos# 

a# Principle of Operation# - Perfluorodinotfylcyclohemno 
will absorb certain wave leapt} is in the infra-red region# If an infra- 
rod bean is passed through a test gas cJanber end focused on a thermo¬ 
meter* tho tenpercture indicated will bo dependent upon the anoint of 
infra-red radiation reaching the thermometer* and therefore upon the 
amount of CgPjiQ in tho ohambor* However, if a lithium fluoride filter 
ie also plaood in tho pc th of tho beam* tlio infra-red radiation will 
bo entirely aboorbod* and Uif; thermometer teqrarature will bo Inde¬ 
pendent of tho CqP,0 oonoentration in the chamber# 

b« Component T-artr.# - Tho oqulpncnt consists of a aouroo 
cf infra-rod radiation, a measuring clior.bor# a pun;)* a litiiiur.; fluoride 


filter# and two "bolerotore" or oleotric rooietonoo thorraoiaetere* 

o* Itoteod of t/oo* - IftJLito tho look dobootcr doccribcd 
previously# teo infra-red absorption noter oan bo applied uiteout later* 
n^tln:: normal ope ration of* tho coolant cyctoti* Air oanplec from tho 
violnitr- cf cuepooted ooolant leaks aro puepod tlirourji a test olBriber# and 
too infra-rod beano fron a cormon oouroe aro pacood terou#*- tec o!*ribor # 
one of wkioh la alao paused terourj* a liteiun fluorldo filter* ihua# 
tiie intensity of lnfra^od radiation 0 trikin" the firot bolometer Is 
dependent upon teo oonoontration of CgPjg In tlw ehainbor# wtille that of 
the eeoand ie not* fho teo boons arc foouood# respectively# on each of a 
pair of bolanetere oonneoted Into a T/hoatetoue bridge circuit* A 
dlfferenoe in teeperaturo between tlio too thornorotero results from tee 
difference in intensity of lnplnstoc infra-rod radiation# and causes a 
difference in eleotrloal resistance# Determination of unbalance of teo 
bridge circuit provides a seaeuro of tec dlfferenoe in resistance of tiic 
teo bolorotero# and therefore of too eonoentration of CqFj^ In the 
chamber* Tho infra-red absorption raster io capable of detecting tin 
prosenoo of four parte of CqP^q per million* 

6-12* Dov.‘ Point Beoordor* - Tie daw point reoardor is dooi^Dd to 

Monitor the various plant supplies of dry air and nitroppn# and to earn 

* 

of excessive amounts of water vapor in tho rp- a » Installation of sued: 
on ins t r u a n t at K—25 is planned# (development; cud ft.brioe.tion bolnc 
handled by Carbido) # with suitable valvin;; for Dateline Vroiz oiv ©no 
of tho supply headers carrying teo above named eubetanoes* 

a* yyinoipl« of Operation* - A boar of lirjit in reflected 
from ft oold mirror* Condense.tion or: teo mirror’ face dirr t*&, intensity 


C f .: r 

#V*v 


of tho reflected beam* !\»eureaont of <iie mirror terpemturo required 


to prevent ditminp of the ref looted my providor. tin indication of t!*' 


dev; point* 


b* Component Parte. - The apparatus includoc a plaon- 
v/indowed bout chamber oontuininr t mirror continuously cooled by a 
refrlrerant system* A source of 11-ht is provided, and a photocell 
connosttid to an electrical bridpo circuit# which in turn actuates an 
olootrio heater for the mirror* A thcnaooouolo is infooddod in the 
mirror and connected to a continuous recorder* No pxmr> is required for 
the tost mo, since the air and nitroren linos aro under pressure# 

l 

C* Method of Uoo, - Tho sample of* ~ec to be Checked 

1 

passec through the tost oleuabor and ic tJiOri exhausted to the atmosphere* 
The photoocll, whioh is actuated by the intensity of ref looted lipht 
from the mirror# unbalances bie bridro circuit when condensation tends 
to decrease the intensity of the refloated boom* This causes the 
dec trio hector to raise the mirror temperature , end maintain it at the 
dew point* Tills rdrrcr temperature (i*e.,tho daw point for the pas 
under test) ic detected by the thermocouple and continuously recorded* 
6-14# Differential Prossuro Indicator* - The purooce of this 
device is to measure the flow of sealant nitro.pcn pas to the process 
pun?? coals* The or tr cmrly scull florr involved tude it neoos eery to 
err ley c new typo of Instjnment developed ocpoclally for tliic service 
by the Cionorcl l loctrlc Con.pc.ny* Tiio instrument ic a conrinatica flow 
element and differential prossuro transmitter* (General dueirn principles 
Of differential pressure indioatinp# recording and coatrolllnp doviooc 
arc diricxuiooi! i:- Volin.: E# Tbit: paru/rnph tre- tr ir. particular of the 


DIFFERENTIAL PRESSURE TRANSMIT IER. 















































cpooific r.upliontSen of electric differential proncure indicator, 
which ic c core elaborate end specialised instruiaxvt, i~. d represents 
tho o:.:u:>or]::rx?nt of a si pi if leant Instrument ronfsr.rch program# 

a# ; rirtelolo of Operation* •• The differential pro severe 
Indicator determines the floor of pac by electrically naasurin." the 
differential gas rroesure eoroae an orifioo of Imopn dimensions# 
Variation of tho differential proaewe is oonvert-d, by noons of a 
bellemo arronremant, to novtraont of the iron ooro of an oleetronapnet* 
thereby Indue inp voltage change* which aro a function of tho differential 
pressure, and therefore of tie me flor; to bo noacured# 

# 

b# Component Parts# 

(1) Pneucntio> • Koforrinp to Figure 24, a SG inch 
oapillary tub c, with an internal diameter one fifth that' of th- pan lino* 
is inserted in the nitrogen piping supplying sealant to the pun*? seal* 

A tan near tho entrance to tho capillary is connected to a ebonber, 
under tho done of which ie mount;*! r. phosphor brocoao bellows • Anothor 
tup, looatod at a ooir.t in the ooalont piping just dovustraan froc tho 
oapillary tube, ie connected to tho opa.ee enclosed by tire bellows* 

Rigidly attaohed to the bollonc is an Iron plunger in the fom of a 
split tu.be with a elirht enlargement at the center# 

(2) Electrical# - The plunder corbietoo tho nignotic 
circuit u tliroo-logged laninatod m -notio-allov structure# Two 
cacrpiBinp coils, axeltod by a GQ-oyolo power source, aro nountod on 
tlvc two outer logs, and a pickup coil is mounted on the center lop# 

An anplifior io provided for stepping in the induood voltnm,. Centrally 
located on tiu operating panel of ih.-. control vrtlt is an indicating 


✓' f-i' 
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wnttcwter, Suitable elootrSca.1 panels, and cnitchin;-' facilities, and 
an alarm By*ton arc also provided, 

e, Mothod of liao, — A oltfuipc in the £*uj flow rate oaua on 
a correspondin'- chan re in t!ie pressure drop across the capillary tube, 
Thic io equlvulant to a clumpo In the differential bellows proaeurc, 
and results Ln raoveneni of the bellows and plunder, 5’ction cf the; 
plunpur disturbs the balance, of tlia nagjietic oiroult, A volUipo tiiero- 
fore appears across the pickup coil which is proportional to the bellows 
movement, The net induced voltape in the plokup coil is increased by 
an amplifier to a value suitable for operating an alam system whioh 
would sound, for osssaple, In the oc.se of a prooeoa punp seal failure,, 
The output wattmeter is calibrated In pounds per square inch with a 0 
to 100 soale. A scale switch p erm its adjustment of the scale factor at 
0,002, 0,004, 0,01, or 0,02, One differential pressure indicator is 
provided for each prooesc coll, A twelve-position switch is used to 
oonneot the differential pressure indicator to the seal of any one of 
the twelvo cell puB$>&, In this way, the cell eon be "scanned” until 
the faulty seal Is located, The capillary flow element acts as a choke 
in. case of a seal failure, to rcstriot tb* flow of nitro/wn to a broken 
seal, and prevent the failure of otliar reals, Bio capillary by—p&cc 
valve shown in the figure con be opened when it ie douirod to choc!: the 
roro position of the bellows. Twelve potontiowotere set tlio instrument 
•ero respectively for each tranoforriur pickup ooil, and oorronaato for 
residual piclrup voltart; due to ditjoymetry of the m me tic cirouits at 
sere pan flow. 



SECTION 7 - . I LOT F LANT DEVIlOPKENT 


7-1. Introduction, - This section presents e description oX the 
various pilot plant units which sere built for studying and developing 
the operating process, a d for carrying out basic research into tho 
j - types and arrangements oX procsss equipment which would be suitable tor 
use at the K-25 plant, A number oX special mechanical test loops were 
also set up and operated solely tor testing individual pieces oX equip- 
sent such as pumpa, seals, and cold traps. Since these served the 
purpose oX facilitating decisions involved in the design end manufacture 
of mechanical equipment, end involved no specialised process research, 
description of these test loops is reserved for Volume 3, Seotion 5» A 
10-stage teat cascade was also act up at the Test Floor of the Kellex 
Jersey City Laboratory, for the purpose of ohaeking tho soundness of 
certain portions of tho K-25 design. It cannot be called a pilot plant 
in the strict sense of the word, since it was not a prototype install¬ 
ation operated to obtain data on which to base the proeess design of 
tho full scale plant, Description of the 10-stage cascade is there¬ 


fore alee reserved for Volume 3* n a count is presented in Volume 5 


of the preliminary operation of one of the process buildings as a 

& 

”54 atdga pilot plant", 


7-2. 


itage 


itiOn Systems. - The first successful 


separation of the 'uranium isotopes by the gaseous diffusion mothod was 
sooomplishsd at Columbia University in January 1942 (App. D41). 
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Isotopic analysis of the 


initial diffused fraction, and of the final undii'iused residue, showed 


0 ^ 

rf*) 




changes in oonoentraticn of the light isotope ranging from 0.6 to 1*£ 
per cent, results whioh wore in reasonable agreement with theoretical 
predictions* Improved separation systems of the same general type were 
subsequently oomstruoted (App* 1)42) and operated in order to obtain 
further tests of the theory and to measure the separation performance 
of the carious barrisrs* Ons suoh separating system la the"high out 
tester" described in detail in a teohnioal report (App* D45)* These 
systems were also used to calibrate carious barrier testing procedures* 
7-3* Pilot Plant Ko* 1 * - As a further swans of obtaining data 
cc barrier efficiency, and to evaluate the performance to bo expected 
from the gaseous diffusion production plant, several pilot plants have 
been oonstruoted end operated at Columbia University* These pilot plants 
were designed to utilise a minimum of gas, and the barrier areas were 
therefore very small* The first of these, oalled Pilot Plant Fo. 1 

l 

(App* Cl7 thru C20) # utilised a barrier area about the else of a niokelj 
it was operated initially in Ootober 1942* Originally located In the 
Pupln Laboratory of Colunbia University, it was later transferred to 
the Rash Laboratories of the Fell** Corporation* The unit consisted of 
twelve sylphon-sealed pvssps (App* D28), mounted in two opposing rows of 
six and operated from ons crank shaft* It was arranged as a twelve 
stage onseade for total reflux with an expeoted isotope separation of 
about five per oent. In operation, the system was first ecsouated and 
tested for air leaks* fluorine was then admitted to about one atmosphere 
pressure and allowed to remain in the plant overnight in order to fluori- 
nate or ecnditlon the surface area* The fluorine was then removed and 
prooese gas admitted* fthen the experiment was completed, samples were 



Q 


roncrrod i'Tom the top and bottom reservoirs for analysis* Equilibrium 
wt,a established after about fifteen hours* Tie plant operated suooess- 
fully for continuous periods ao Ion,;, as two huntirod hours* and t!>© total 
time of operation secooeded thirty—too hundrod hours* Results wore ob¬ 
tained pertaining to cnooad© behavior with A# DA* and ' 3 liarriarB (App* 

i r>4d)* over a rddo run -e of mixln- and floer conditions* pressures* and 
•/ 

prooouro differentials* It also served ao a noons of tostlnr; instrunents 
and other equlrxaflnt for handling proooos pas* and furnished valuable 
operational experlenoe* The then obsolesoont plant vets retired late In 
1944s after it hod served the min purpose for tdiloh It had boon con¬ 
structed* 

7-4# Allot lent Ho* 2* - Plans and doalfyx for Pilot Plant Co# 2 
vo re initiated in Deoenbcr 11)42* but because of unavoidable oonstruetion 
delays this plant saa not placed in opesatien with process roe util 
10 1944* Sie plant nas a six store total reflux oasoado usinr* 


reciprocating ptxps of 23 oubio foot per ninuto displaoaaant (App* D45* 
C21* 022)* type A* DA* and V.7J barriers wore Installed containin'; three 


square foot of area* 
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Complete instmxxmtotian for autoentio control ms provided but cental 

J 

operation was alcoposa lblc # UiO equilibria^ tine ms a fear minutes* 
7?ils six 'stare oasoado pwsaitod tb- first o -portunlty to study the 

petfonaanoo of barriers* histrunonto* and control tndor condltlonc ar>- 

* 

proaohlnr those eniiolpfttod in the lar o sonlo production plant* Jtny 

S 

tests were run on process 'to* tod the plant has also furnished oena— 

♦ 

ration da to for mixtures of nitrornn end process pas* ITiasc exporinonte 
ucro oerfornod in ord^r to ctixly the bclu,viox* of nusc opoo trauc tx :ix> 


ft 4 > 




applied to tho oontimuous swthod of analysis proposal for uss in ths 
ba in pas diffusion plant* 

a* Expansion of Pilot Plant* - la Vovember 1944, Pilot 
Plant Vo* t was expanded fro* six to tan stages, tha purposa bain*; to 
inoraasa the total saparatlen of proaass gas to shout thraa per aant of 
tha light isotope and thus improve tha praalslon of sasipla analysis* At 
tha sane tine, provision was mads for ths usa of diffusar tubas of 
standard plant length (seven fast) instead of tha shorter ones previously 
used* Arrangements wore also node to feed proaass gas into ths plant at 
various rates up to 600 pounds par day, and to withdraw anriohsd material 
for researoh problems in tha laboratories*^ 
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j Xn February 

1046, tha plant was dismantled and shipped ta Oak Xidge, Tonnessea* 

7-E. Pilot Plant Ho* 8* - This plant was originally planned by 
V* W. Kellogg engineers under OSRD aontract, for their laboratory in 
jersey City* Vow Jersey* However, In tha lata stumer of 194S, under 
Manhattan Diatriot supervision, it was decided at a joint meeting of 
Kellex and 8AM representatives (App, D82) that ereotion and operation 
, would be ths responsibility of ths SAM Laboratories personnel working 
in the Nash Building* However, Kellex designed the plant, procured the 
equipment, and supervised esnatruotion* Vestinghouas gas bearing blowers 

S' 

were to be used in a ten stage system which was to be similar to Sections 

6 and 6 of the main gas diffusion plant* As originally designed (/pp* 

♦ 

DIB), prooees gas of 86*6 per oent concentration of light isotope was 
to enter Sootiest £, and, after processing, the enriohed material was to 


t 


L 
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< 





l««ve at a concentration o t 87.8 par oent* Seotlon C received the 
latter material and raised the concentration to 80 per oent,,which vac 
the oonoeatration of the final produot of the plant as than envisaged* 

As eventually built at the 8AV Laboratories, seat of th<" Eellex design 

b 

was used, but only eight stages were included* In aoeordanoe with the 
original Eellex plant, dummy diffusers, and steel piping and. Tairas were 
to be inoerporated in the plant, as it was not intended to operate with 
proaeee gas but/ with the fluerooarbon, normal perfluorohoptane (C^Pjg), 

I 

When experiments with the originally designed pilot plant were completed, 
it was intended that alterations would be made so that prooass gas and 
diffusing barriers oould be introduced* As far ss possibls, equipment 
wae ohosen so that the conversion oould be made readily* In aooordanoa 
with these decisions, it has beocsne customary to designate the original 
plant as No SA and the rerieed plant as No* SB* 

a* Operation with fluorocarbon - Pilot Plant Ko* SA* - 
Difficulty in getting the speeial equipment for the pleat (App* C28, C34) 
deleyed its completion, and the first fire stages wort- not placed in 

I 

operation until 16 June 1844* The full plant with intersectional 
coupling stages and automatic control was first operated on 12 July of 
the sane year* The sasoade wae operated with CyK'g for a total time of 
289 hours (App* D4C), and during this period Tariout disturbances, or 
sudden ohaages, in prooass pressure and flow were introduced in order 
to study the sffeets produced* Both menuel and automatic ooctrois were 

used, end at all times the plant was found to be hydrodynsmically 

% 

stable (App* D47)* Thera were no serious meehanioal or eleotrlesl 
difficulties in the easoade operation of the ten gas bearing blowers* 



Bio meohanloal behavior of t!w presets* tnmardLttlnr and control syotcsa 
wae aleo fowd to be saiiafaotory* vacuum testing eubmaoenbllee wero 

I 

alao etiriiod and found wy doalrabla as a moons of speeding up final laid; 
teatlnj prooedurea without delaying construction* Iho neoosslty for 
developing special welding techniques was dasonstrabedj It was deterolnod 
^thiat, on Iho avemge* twenty looks are present la 1000 fset of standard 

quality we Ida* Methods were developed for constructing vacuum ti(£it 

/ 

coolers by silver «soldsrlng the tubes to the tube sheets* It was further 
demonstrated that by using saberlal* with propor density and flow 
ohamebarlstlos* mechanical joints could be sade* whloh would resaln 
weuua tdrht for reasonable periods* 


dlatoly upon completion of the teats outlined for Pilot Plant 5A* the 
ncesaswiy c o n ve rs ion from >'ilot Plant NO* 54 to 8B was nods (App* 085* 
C26)« lack of suitable oatorlal for diffusers* Which were then still in 
the research stage* delayed oamnleto opemtion* but e^orlnantS with 
nitrogen and process &im in the absence of diffusers were Bade during 
the latter part of 1344* These studies pars useful inforratioa on the 

v*,. 

consumption of proeoss gas* sad on blower opemtion in the presence of 
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September 1945 ft initisod blower, diffuser, end ooolor of SAJ’ design was 
conditioned fop testin '# Duping the testin'’, however, leakage dlffi» 
oiTtlss were onoouatored and few results oould bo obtained# j 


Doe 

Us} 
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,e stn.ee 


* An additional esnerlmcnt 


was conducted at the SAK Laboratories to f^ain Information on production 
plant porfonanoe using the single sta«e blower aystso# ' 
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Conditions of 


pressure, out, velocity of prooess gas, and 'talus of Reynold's number 
wore ohosen to simulate a Section 1 eta.-e of tike min production plant# 

fiiis syotoc was put into operation on 5 June 1944, and# except for 

% 

Boaontary slmtdoons oauaod by tonpomiy power failures, was continued 


Bomentary slmtdoons oauaod by tonporaiy power failures# was continued 

< 

until 18 July for a total operating time of about six weoks# The esc* 

t 

perinsnto ^evro inj^ortant infomation ori blower bohavior, on fc’io oorro* 

si on of petal parts exposed to prooess r um (A pp* D48), and ou the 

plu'—ln.r rote of barriers trader production plant conditions (App# D49)# 

** 

Several otCnnr ouch syotccn wore also studied uolnp dlfforonfc type pta^s# 
Very little corrosion was found in the blower, and there was no evidence 
of Mrfc £*o volooity erosion# fiio nerforranoo of the tubular diffueerc 


bA) 


Ike 

b( 3 ) 


at ‘'’-t'.-nt ! iydrodynanle ’ candlticno was ertre !y satisfactory! tho dlf» 


fuoera sheered e ,‘Iu-ylii" rate of lose ti**r tw per oent per ronth. 


7*7• Vaouutn 'nglneorlng School* - It was reoognised at the 

timo of the original plant design (App. D12) that complete failure of 
the diffusion method would result unless leakage vacuum problems 
oould bo oonqusrod* The degree of tightness required in the gaseous 
diffusion plant was without precedent in praetioal engineering ex* 
perisnos* Application of the muss spectrometer for leak detecting 
purposes was made by A, 0. Nier and his collaborators with nuoh of 
the development taking plaoe at the Nosh Building under Kellex auspices* 
leak detector units were constructed, personnel were trained in their 
use* and nuoh of the pilot plant equipment was tested for leaks (App* 
C29)* In Psbruary 1944* it beoane apparent that several hundred 
trained operators in addition to ths already trained scientists* would be 
needed for leak detection work on the gaseous diffusion production plant 
ap Clinton Engineer Works* A school for this purpose was established 
at the SAV laboratories in tt&roh 1944* and ever a period of about five 
months was attended by 221 employees (App* C27* C28* C29) of the 
following firms engaged in operation of the K~25 plant or manufacture 
of equipment for its 

Kellex Corporation 

ford* Baoon and Davis* Ino* (App* D81) 

Carbide and Carbon Chemicals Corporation (App* D02) 

The Crane Company (App* D85) 

AIlls-Chalmers Company (App* DQ4* DOB* DSC) 

Whitehead Ustal Products Company (App* D87) 

Linds Air Products Corporation (App* D88* D89) 

The A* 0* Smith Corporation (App* D90) 

A report on this sehool is available in the Manhattan Distriot Veohnioal 

Piles (App* D67)* 




3-1 • eners.1 Problems* - Purin T the period from 1940 to 1042, 

Intensive efforts wero node to prepare an or cnic ©ornound a? uraaiun 
suitable- for use in a diffusion plant* ihoec axporimcmtf. wore node 
under OSTU) nrinc non tracts at loon flte.te Collect*, the ISiiversity of 
Cliiaa "O, and the laboratories of tho 7:thyl Corporation# Ilowover, durinf- 
all the course of this nor*:, no suitable substitute for uronlixi hosaa- 
fluoride ae proooas fas was disoovoiMd# This aotrxnsid had been knooti 
to ohanists since 1009, but code tin p infcreation on its oJwsnioc.1 end 
physical properties was rn^er and, in earn oases, incorrect# Itc 
Li;lily corrosive mturo raised isxny pnob1ecu in eonnooticn with the 
proposed barrier and m to rials of plant conotruotion. Tills situation, 
topethor with tho nutaorous other chcnioal problcne to -c expected In 
a lar- - research erojeot, led to t!w estnblishracnt of a ohcaioal 
section at tlio CAP laboratories, A vast amount of vert: has boon done 


by this ^renrp an c!icnioal aspects of t?io K-2C research proprtnn* Sons 
of this uor>. involved develo incut and oxtension cf existin' chemical 
notltodof muoh of it has boor, conoomod with entirely now phenaneaf; 


previously iribno'cn to chord Ote, 

0-2# "hysical and ChcrAeal n rO'>ertiea, 

a, 1 hyslco-cnieri.co.1 studies# - "cacurciuni and study c' 
the c’tcrdoul and nhyuioal propertioc cf uranium honaflucrido wig unties 


( 


tif*on between 1940 end 1942, 


method 


for 


hnndl ir 


V- t~ * i T ■» 5V* ?. r. 

u. u.- j. >. Ju a> # 



the fco, 

* \* -+r- fv * 

v w ^ 


Tide, in turn, 
and nev raiyo cf 

prop cvtlcc invp 


involved dev., lament of 
propevrin it for chorales. 

v:;v thu vtrpor 


1 



pressure, density, thermal conductivity, viscosity, heat capacity, and 
other thermodynamic characteristics (App. D5Q through D53)« Metallo- 
graphlo techniques were developed, using both the optical and the 
electron microscopes (App. D$8). Reference to such work may be found in 
a bibliography on the subjeot (App. D59)» A bibliography on the chemioal 
j properties of the compound is also available (App. D60). f 
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b. Mechanical Properties of Barrier's, - The mechanical 


properties of barriers have been studied by the following methods: 

1. Bend teat, to indicate relative stiffness and ductility. 

2 . 


3. 




5. 
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Fatigue test, for information on barrier behavior under, 
continual vibration. 

t 

nutter test, for similar purposes but with smaller 
vibration amplitude and higher frequency (App. D61). 


bat 

bfi) 


Without the thousands of routine examinations made by these procedures, 

»* 

it would probably have been impossible to produce a barrier acceptable 


for use in a gaseous diffusion production plant. 

i 
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G-3, P^rrAor Chords try, _ 
a« Conditioninr, - 


deleted 


Vhriouo prctroatajat procedures for stabilising 

,'t3« barrier vraro invoeti'abed, and It woo eventually discovered tl«.t 
«/ 

» 

fluorinution produood the <3©aired result, The success of the stabilise** 
tlon prooedure depended on rooomition of th - feet that adsorption of 
proooss as and fluorine oh a barrlor was a very inp< rtant problem 
Thlo In turn led to the invcetl^tion of ouaV. uhanaaem In considerable 
detail, and Involved tlio ctudy of surface areas and methods of naasuring. 
titan, The tccknieal results c ay be found in a report (App, PCS) wideh, 
in addition to givinr rcoomondod prooeduree for plant stabilisation, 
includes a lar *o amount of information on related subjects, 

b« rlu?rinr and Coasuaptlon, - lhese corollary problem 
ware also of considerable lrportanoo, 2he chief o<joot, as has been 

1 

corn Joined above, was <J«xt of pro»troatin;~ the barrier in such a way that 

it raoaino stablo In tha preoenoe of prococa gasj thus its rate of plugging 

+ **** 

oust be confined within opccifiod Units, Tho rate of eonsrr^tion of 

J 

orooooa pas rziot ajLao bo ninlrdsod, especially in the higher etnoo of 
the plant' siioro the naterial is hifjhly onriatod with t‘ie light isotope, 

&::d very valuable, Hilo re.to of looo hoc been spooifled in the plant 
dcsi'-n at a vtluo not oxoeod.'n one milligram of proooca poo 7 X)r square 


V*' 


foot per day, and the prooodurcs ectoblishod lave ohoon that it is 
jvoosiblc to corrosion bolor this lln:lt« 1 
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All of tl.ee© prbblerss have 


toon 


oooTully solved* 


(1) routine tbBta* • Inuring the period ciss tbeoc 
standard orooodurcs wore be in developed, the S£J' Laboratories cade 

I 

^routine teste on mny different barrier snip Los of all typos* As the A, 
IiA, Tfi, end other barrier nodifio&tlane were studied end developed, each 
was tested to dotoredno whether or not it was oooeptable on the basis of 
plugging* oonsucytdan, stabilisation, and reooveiy* Itaosrous techniques 
for the bo purposes wore evolved* Par ewanpls* an apparatus has been 
constructed in s^iiah it is possible to stabilise as oony as fifty 7* 
foot barrier tubes at onoo (App* DC4)* 

ft-4* Inert ;*xs testing of Danrlors* «• In Sootlon 7 of this 
volms, reference ms sade to the TFg separation testing of barriers by 
sinlo stare and pilot plant oethode* TJ ids raethod of tec tin" barrier 
behavior is very slow, not only because of the tine ooosuaed in the sepa* 
ration exporineat Itself buty also booause of tho ttac required for 
isotoplo analysis* It was therefore important to device sapid c&thoda of 

h 

noasurinr; the separation factor of barriers* It was also neoesoary to 
detemlne barriervoorosity by 8 ini la r rapid toe to* The heavy decand for 

t 

routine testing pro r> ted the Keller Corporation to or:anise Ita own 

barrier testin laboratory in the Hash Culldin ;• ffcolaniocl proportioo 

*> 

wore also noasurod by this group* 

a* Tooting of Flat flanploo* • A groat deal of effort was 

♦ 

oerpeedod on tt eoc procedures, with the result that suitable ©othods wro 
dovisod for obtaiulr.:’ the rw juirod 1rfojrxitio i rapidly* In itc prouent 


i <k a. 


( ) 


fom, the nethod 1c a.n follows s a flftt Barn If; of barrier 1 e planed In 
r suitable, holder, an:' a .-ar- fixture of holiuri end carton dioxide io 
circulated ten orto aldo of tho eezplcf son: of the gas diffuse3 through, 
and an t. no. lysis is nado of the diffuse, tc- and of tie undiffuaed pus* Bjc 
B rpi.ra-oinf efficlcnoy of Ur; barrier f Howe directly froii these jaaacurc** 
Brr.tr* r orosl.ty is dotorrJned by rwc.surir. the a-iount of jus dratri 
through the barrier under standard conditions of pressure an-f purging 
rate (Ann. D6&). The development of this ran id testin'' unit lets been 
acoonpar.i od by rainy theoretical invcotipatlons of the physical laws of 
fre e flot/ throu *h barriers (App, POO)# T/vo results have also boon 

i 

eo'tparrd with process /rac separation teste in order to convert the 

* 

results to an absolute basis* Auxiliary Instruments for separation 
teste have been developed In order to xadec noro precise dote miration 
of the ras fixtures dlffuoin throu h the barrier* These include thorail 
conductivity pus analysers of t’to teo different varieties (App* PC 7# 

DGC)* Tor oorbain special purposes t noaaurorjouts of barrio;- separation 
he.vt. a.1 co boon rruSe usin'* other -use*) or ae rixturoc such as nitrorenw 
oxygon, nitroran^porfluoroJicptonc caul hyiroyori-oartxr.i dioesido* 

b« Tube Testing* m Hit* foreoiiv inert gas toe tin - netheds 
have all boon extended co that tht’y say bo applied to tubular diffusers 
of standard sevenwfoot production plant lcngt. (Ap;. # PC;.,) and to sJicrtor 
tubec cut f ret then (App* ICO)* 


0-£# Corrosion *t:tcrialo* - The era- cf burrior 5b’ Hi:- diffu¬ 
sion nlant is ostimted nc Oh per cent of the total area exposed to 
process pen, the reminder bein' oocourtoe for by blowers, r 5. ring, end 

related cci;inn::-,:t* It i: cl-viou;:!** Srr’orhvl. to choose cv '■•tv 


materials of* construction /'or those items, and to stabilise then to tho 
proooss as when noceosftry* A bibliography of available J>25 corrosion 
da-fa has been coiEpiled, covsrinn the corroslvu action of fluorine, 
hydropan fluoride, fluorocarbons, and process pas (App* !70)« Studio© 
at the SAT lab ore tori os have involved development or creation of 
methods for measuring the oorrosivr effect of these -a bos, invoeti- 
pat Ion of tho fundar.ental eherdonl nr inc tiles concerned, and routine 
tests on htndreds of different mtorlals* ' 
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8-C* Development of Special Cheat oala* - lieu ti on has boon said* 
In Vbluns 1, Parapfeih 3-~, of a mnher of specific needs, arising 

* 

within Hie K-425 Project, itfiloh could bo suooessfully net only through 
fundamental development and toohnolo-ioal adaptation of a nurfcor of 
industrially new and special chemicals, nrinolpally tho prooess fluid 

ft 

itself, uranium hcaafluorldej t3» condition in- <jib, elemental fluorinej 
and a motor of inrift, highly fluorine tod hydrocarbons* Dceorlption 
of thin place of th« sort, vh'ch fo rood a very significant branch of tho 
chemical reoearch profimm, is presented in Booh VTI* Purther discussion 
is also a-mllnblo In tho Ho Ilex Coc^lotian Do-ort, Sootier; III, (11)* 
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0-1* Safety Proryun* 

c.* Organisation* 

(1) Safety Department* •* Hie principal contractor, 
the SAT-! Laboratories, orjjmised a Safety Department within its In¬ 
dio trial Relations Division# Other departments in this division 
dealt with enploymont, insurance* nodical natters (phyoioal exord- 
natlons and first aid), and employee relatione* TSieoo depart®nto 
reported directly to the Director of Industrial Relations, and problems 
oomon to this Division wore discussed and ooordinatod* A full-tiro 
Safely Engineer headed tlio Safety Division und worked directly with the 
various technical and sorvioe divisions of the laboratory* The normal 
functioning of the Safety Department required close oooperation with 
the Medical Division in liandlin: injuries and taking preventive 
measures* She Safety Dopartnent also worked olooely with the Insurance 
Department on compensation oaaoa and related ratters* The Columbia 
Aroa engineer supervised tho safety programs of the various contractors, 
and maintained liaison with the District Ibdioal and Safety Sections, 

(2) Safety Advisory Corrittoo, - Beoauoo of the 
nature of the work being done, a Safety Advisory Com! t too me organised, 
oonoiotinr of scientists Imving diroct responsibility for the aotivitlos 
involving hatardouo operations* At times vrtion special safety problems 
arose* mootings of tho oomittoo wore called to discuss tho si tint ion 
and make rooocnoalationc to tho Safety/’ Depart® nt. 


b# S&foty I'ennuros# 

(1) Knployoo Orio:itatlon# - All new onployooc wore 
given instructions roptmlJng thoir duties# at which tiro llrdts of 
responsibility and authority for all operations rroro epccifiod# An 
Employees* itnual was proporod and distributed to aid in this orion- 
tation projyan* Safety bulletin boards euro installed# and a continual 
poster campaign ms carried on to mk& employees conscious of the seed 
for careful operation* 

(2) Safety Inopootions* • Routine inspections wore 
raado to insuro the absonoo of unsafe physical oonditians and firo 
hasarde# to oheok tho condition of gan casks# and other safety equip¬ 
ment# one? to safeguard the health of employees# 

(5) hfodloal facilities# - A completely equipped 
infimary me established on tho promisee of the SAI' laboratories with 
tvo nursos on full-time# and too doctors on part-time duty# Arrange¬ 
ments wro made with a nearby hospital to handle emergency o&sos* 

(4) Study of Hcnr Hagards# - Prior to the inaugu¬ 
ration of now experimental prograns# oanferonoee with scientific ' 
divisions wore held to disouoe poeolblo hasarde involved# 

(5) P.eoordo and Statistics# - Complete rocords of 
inspections# reoomendationo# one’ investigations wero caintainod# 
Monthly reports wore prepared showing tho frequency and severity ratoo 
of aooidents# 

9-2. Security Program, - A eeourity program ms instituted in 
tho Columbia Area# in accordance with polloioe e 3 tab lie he d by tJio 
District Security and Intelligence Divio ion# 


u* Or~Q.nlgatlon, • The Columbia Aron Security Goctlon 
was headed v y a speolnl agent assir^nd to the area by the Hew York 
Brernoh Office of tho Soourity and Intelligence Divio ion* TMb man 
wqo assisted by a protective security agent* Security representatives 
wore so loo tod from person-iol at o.ch facility porfomlnr work of 
in to root to tlv; District* It woo tho duty of these roprooontntivoo to 
report all appropriate matters to tho Aroc Security Section* and to 
maintain proper security conditions within their facilities* Ouard forces 
?rero established where necessary, and these foroos reported euoploious 
inoidontc to M\o Security Section for action* Tho primary duty of tho 
section head of tho Area Security Soction was to assist and advise tho 
Area Enr-inoor on oil matters involving eoourity and intelligence* As 
roeldont agont of the New York Branch Office, ho was also roqulrod to 
report all significant matters to that office* Information concerning 
inoidontc pertaining to security anr] Intelligence was also forwordod to 
the District Security and Into111gonee Office by tho Area Security 
Section* 

b* Soourity Ueaouros* - Security regulations established 
by higher echo Ions wore put into effect at all faollitios under tho 
jurisdiction of ths Columbia Aroa* Hoy poroonnel at ouch of tlioso 
facilities tjoto thoroughly advised of tho ’'rovisionc of each regula¬ 
tion by tho Aroe Security Soction* horiodio inspections wo re con¬ 
ducted by tho houd of tho Security Goctlon to insure compliance with 
those security regulations at each faoillty within the arou* Security 
ourvoyo t/oro conducted by inspootors of tho Hew York Brunch Office to 
insure continuity of production at all Columbia Arou installations* 


Tlio Security Section acsictod the Area Engineer in oarr/inr out 
reoorrepndfttlona baood on thooe poriodic survoyc* ?!o ooriouo violation 
or soourity regulations lino boon reported vrithin tlio Columbia Aron 
sinco ita eatabliohnont* At c.11 installations, oxtonoivo use mo mdo 
of visual aide supplied by tlio District Security Offico# 'Hie Aron 
Soourity Section carried out a cnrcf'l personnel eoounination of all 
facilities, and roviewed seourity questionnaires on prospective 
•nployooc prior to Bubcri.ttin~ then to tho New York Branch Office for 
invostination* 





C > SECTION 10 - CO-'vTS 

t 

10-1. Introduction. - An overall compilation of costs attribut¬ 
able to the K-25 Project is given in Volume 1, Section 7, together 
Kith an explanation of the principles involved in the method of cost 
presentation used. This section presents total costs chargeable to 
the research phase of the K-25 Project. 

10-2. Cost Breakdown. - A detailed breakdown according to 
Manhattan District prime contracts is shown in Appendix A2, which 
also presents original and modified contract estimates. Appendix A1 
presents costs incurred as the result of early work done under the 
auspices of the Office of Scientific Research and Development. Cost 
, estimates for principal subcontracts are tabulated in. Appendix A3. 

10-3. Coat Summary. - Total cost figures for K-25 research 
(including the OSRD costs) effective as of the end of the fiscal year 
1946 are as follows: 

Contract Payments to-Date $14,544,964 

t ixed Fee Fayiaents W Oa t e 0 

Material Furnished by Government te - fiato 471.960 (credit) 

Total Contract Costs to -D at e 14,073#004 

Estimated Total Costs for Completed Contracts 15,611,663 
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SECTION 11 - ORGANIZATION AND PEKSOEfJEL 


11-1* District Organization . - The line of authority for research 
and development pertaining to the diffusion plant is illustrated by 
Appendix 31. The activities end organization of the Uadison Square Area 
ere treated in Book VII, and of th<i Ken York Area in Book II, Volume 3» 
11-2• Columbia Area . - In anticipation of the awarding of contract 
K-7405-eng-JJQ to Columbia University, Major 3. K. Hough, Jr. was desig¬ 
nated Area Engineer of the newly Cicited Columbia Area in the early 
apring of 1943* By 4 August 1943, the staff of this Area consisted of 
4 officers and 72 civilians (including guards). Appendix B2 presents 
a Columbia Area organisation chart effective at this time. Major Hough 
was succeeded in January 1944 by Captain L. L. GrotJan who directed 
Area activities thereafter. The Area staff, which at tho October 1944 
pen 1 ' (App. B3) numbered 7 officers, 173 enlisted men and 146 civilians 

(including ill guards), had boon reduced to 3 officers (plus 3 assigned 

« 

to the Patent Advisor), 2 enlisted men, and 27 civilians by 3>-A p ra i 1946 
(A P p. B4). Key personnel together with their functions are listed in the 
Appendix. Gl. The Columbia Area was dissolved as of 1 July 1946. 

11-3. §Ak Laboratories , 
a. Organisation . 

(1) Development . - Tho war research activities in nuclear 
physics at Columbia University under OwftD contracts were organized under 
the name of SAM Laboratories. 5then contract W-7405-eng-50 was negotiated 
with the Manhattan District on 1 Mey 1943, the entire laboratory was 
taken over. In view of the expended research program required under 


ifri. J d ft 



the new contract, additional facilities were provided in the Nash Building, 
New York City, shortly thereafter (July 1943)* 

(2) Transfer of hesnonaioilitv . - The work and equipment 
were gradually transferred from the Columbia University location to 
the Nash Building, the transfer being essentially complete by 1 Feb¬ 
ruary 1945* On that date, responsibility lor the SAM Laboratories 
was assumed by Oaroide and Carbon Chemicals Corporation under its con¬ 
tract ft- 7405 -enf *-26 (Vol. 5)* The laboratory organisation, which re¬ 
mained essentially unchanged, is depicted in Appendix B6 as of 21 April 
1945. 

b. Employment Statistics . - A tabulation showing the 
number of persons employed by the SAM Laboratories together with other 
Columbia Area contractors is included as Appendix B5» 

c. Personnel . - The activities of the SAM Laboratories 
were directed until February 1945 by Dr. H. C. Urey, who was then suc¬ 
ceeded by Dr. R. H. Crist. Dr. Urey was aided in his administrative 
and technical duties by Associate Directors, Dr. L. U. Currie and Ur. 

H. S. Taylor. Dr. J. R. Dunning directed research and development in 
mechanical engineering.problems, pilot plants, process operations, and 
isotopic analysis methods. Major divisions were headed by Pr. E. T. 

Booth, who directed the work of all physics research groups on barrier 
properties and separation ass ay methods; Dr. H. A. Boor so, who directed 
the mechanical engineer groups concerned with studies of seals, blowers, 
pumps, and pilot plants, and by Dr. P. H. Emmett, who directed chemical 
research dealing with consumption, plugging, stabilization, corrosion, 
process materials, and fluorocarbons. Pr. Emnett was succeeded by 



4 - 


4i*>«> at 




ill IniiHi Hi i*Al 



Dr* W* F* IAbby* Dr* P* n, Slook dirootod tiic barrier tostlnr division* 
while Dr* E* Jkck* Jr* me responsible for the production development of 
fiie oleetrofacod nickel barrier* and Dr* K* 71 * Cohen directed fundamental 
theoretical and nitliecntioal studios of plant da elm and operation* Dr* 
>•* So&tohard supervised research on pao flow theory, and Dr* H# J* 
Creiphton supervised patent work,and sorved as liaison offioer between 
SAD and Doo&tur on DA barrier production* Dr* '« fl* Durphy dirootod 
the administrative wort of the patent and theoretical groups and wae 
responsible for all technical reports* ineludinp their editin'-* re* 
produotion* distribution* and custody* A detailed list of key research 
end development pereonnol of the SAD laboratories is presented In 
Appendix "2* 

11*4* Coluribia Ualverclty* 

a* Organisation* • As stated aevo, the 3AJ.T laboratories 
originated in Coluafoia ’Jniveroity as a consolidation of all of Columbia's 
lfc.nhe.ttan Distriot aotivitloe* Vdven the Carbide and Carbon Chesaioalo 
Corporation took over SA.” on 1 February 1945* a certain anoint of experi* 
nent&tiou not oonnoctcd with the diffusion prooess reoainod to bo 
completed under W*7405*en ^*CO* and wuo continued under this, o on tract 
independently of SAlf laboratories* 

b* Personnel* — Tho aotivitloe of thiG rrou~> were ruidod 
principally by Drs* !f* C. Urey* J* R* Dunninp* and % ra.illa* Fjaploy* 
nent statistics arc furnished In Appendix BG* 

11«6« Kolleor Corporation* 

a* Personnel* • Key roseareh personv.el of tho Kellex 
, Corporation arc listed in the Appendix '"{J* Organisation details and 
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inform tion concernin' the reminder of t!>c stuff arc riven in Tcluw 
£•* ‘ erooimel corkin' wick-r hkillrsr^unc»*vie contracts aw’ eubccutivcto 

Ere included in Voluno S,since their contributions were ttlo:i r t * linos 
of runufacturlii. • dovolccwnt, rather tlian firidrjaontul rwfieurcli.. 

11—3# Bell Telephone teboratorieo (heatmi flee trio Concur.'), - 
Tnv 1 cnh&tt&n Metrict wotf- at the:if laboratories wue perfowned wider 
rbc etfjcrvlcion of It# K* l» Burrto# A list erf key individuals contrl* 
bating to this project ie attached (Ap,i# f 3)# Fix loyswnt data arc 
supplied In Appendix Df.* 

11-?# ' Vino e ton I’niveraHy# • Tho cntS.rc ~‘rineoton effort in the 

r-?5 project was directed by Dr* II# S* jkylor# who wuc assisted by Dr* 

■j* f# Oor is# A list of key personnel associated in this work is 
presented in Appendix 04# Informtion ro-^ardln.- nuttfoer of esployvei: 

en e~od at this facility is provided in Appendix BB# 

11*8* Other Contractors# 

a* Interchecloftl Corporation# — Tide work was di rooted by 
Dro# A# f# ''Jesslor and D# II# Tans* Other key personnel work-in •;■ under 
eositract "»/-740V»cn.r—St arc?.listed in Appendix XJ* rcrsoonel ctttlstiqo 
my he found in Appendix DG« 

b# flallfcralf. Ins tltube of Tochnolo ~y» — E.in project 

/ 

vc.3 direetad by 3;r* It* f# Tad per* Other key uorootmel emsped under 
contract V-w7‘10l-cn-—35 arc listed in Arnendlx T# 


c« Ohio .State ITniveraity# * 'fork at O.Vo University 


V -6 dir^rb-d h- r l-r# A# L# Korns# 
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? t'Aimmn district history 

BOOK II - tttCnOOG DIFFXION (K«35) project 

VOLW£ 2 • RESEARCH 
APPSHDIX "A M 
CONTRACTS 


So. Title 

1. 06 RD Prlno contraoto. 

2. Uanhftttaa District Prlno Contracts, 

ft. Sdboootrutit 

Hie following list represents a tabulation of prise 
research oontmots attributable to the K-25 Pro^eot with the esolusion 
only of oontmots pertaining to the epeolal obecdoals progranj the 
lattor oontraote are treated in Book VIZ* Coot figures are effective 
aa of ti» end of the f ieoal year 1040. Subcontract oostc aro 
included in Hie prise oontroot figures. 

Contract type is tabulated in the first ooluon and 
denoted by a numerical oods. Hie key for uhiob Is as follows t 

(1) Arohiteot*enginesr serviooo. 

(2) Cost plus overhead. 

(3) lap sud servloe. 

Method of letting is tabulated in the seoond eoltxsn and 
denoted by a nuaerioal oode. the key for which ie as follovBt 

(1) Negotiated by Colunbla Area. 

It) Negotiated by District Engineer. 

(3) Negotiated by New Tork Area. 

(4) Negotiated by New York and Deootur Areas. 

(3) Nsgotiated by Uadis on Square Area. 
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tO TRACT ’JO. 


*«AWE OF CC i TRAC TOR 

.OFSCTIV2 "ATE 


:SOFiE OFFIcB Of SCOPE 

COCTRAi’TC* 


CEMsr-106 

» 

CeluRbift university 

1 JUly 1941 

lev York, »* T* 

Tnvssl 
for si 

0£M«r-40# 

fr 

i(i )T» bllou Coepany 

IB January 1941 

Jersey City, v* J* 

Cesio 

pilot 

asnt, 

ratim 

OEKir-411 

Colunbls i!nlver«ity 

1 teoaeber 1941 

Hee York, i* Y. 

depart 

dlffw 

K-SB 

CE34or-6B4 

Ohio Stnts University 
Research Foundation' 

3 August 194S 

Columbus, Ohio 

Prepa: 
senpli • 


deleted 
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SOTSi All above are cost-plus overhead ountreats* 

All vers negotiated by the Executive Secretary, 
All contraots are completed* 

Total oosts are £1,997,860* 

^ DOL 

Us) 

OBBP* 


i 



OSRD PS DCS CONTRACTS 



HOME OFFICE OP SCOPE OP TORE 

CONTRACTOR 


New York, N. T. 


,, r 

Jeraey* City, H« J* 


New York, I* T. 





Invea$$gatian of the diffuaion method 
for aoperation of iootopoo of uranium. 


Deoiga, oonotruetion and operation of 
pilot plant and development of equip* 
went. Material! and aethoda of ope* 
ration of a large plant* 


Separation of ieotopea of uranlua by 
diffusion proceeej alao varioua non 
1*26 projeota. 


ORIGINAL 
CONTRACT 
ESnUATED 
ABOURT 
(NOT INCLOD* 
IHG FEE) 

I 25,000 


76,000 


297,260 


Coluabua, Ohio 



Preparation and purification of 
aaaplip of apeolfled fluorooarbona. 

DELETED 


ooat*plua overhead oontraota* } 
tinted by the Executive Secretary, 0610*1 
are ooapleted* [ 
re $2,397,860* 
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CHXUX'IAL 
CC!i TRACT 
i~TIVATSD 
/UlOUHF 
('JOT I’XLUC- 

:ao rs^ 


•OJ IF13D 
l /TRACT 
^TIVATiiD 
A-* >(W 
( lot ZttUB- 
x :a nst 


ijT3B3Ei': r BT 

a:::iattas istm.t c: .’tract 




CQHTRACT NO. 

TTP1 


VA»'I OF COBIPAtTOt 
EFFECtm CATS 
.'STOOD OP LSTTIBO 


HOME OFFICE OF 

CONTRACTOR 


-AiUiTIAjI DISTRICT PtlMR COJ 
SCOPS OP ROM 


I 


W-7401-cnc-68 

(1) 

Voorhoee, Folijr-iliUnr 
ud Smith 

19 Ally 1948 

(1) 

, .lee York, B. Y. 

Preparation of nooeaaary da 
apdolfloatiene, ete, and te 
supervision to convert cert 
premises to a research jkta 

n«740l«<oHI 

(8) 

Comatook and Reeoott, 
Ine* 

14 August 1948 
(2) 

Cambridge, Hass* 

Researoh, dnvclopnaat and il 
speotioa week* 

. 

W-7401hr£«M 

(S) 

California Institute 
of Technology 

1 July 19a 
(») 

Pasadena, Cal# 

1 

Conduct certain otudlee and 
experimental inveotlgstibnal 

'•■i ! 

< 

^•7401«*#ng*80 

(3) 

Yoorheee, Foley-tfalker 
and Smith 

4 October 1943 

U) 

, Hoc York. 9# T. 

f 

Furnish necessary inspection 
surveys, reoatoendatlonol a 
for Sam project* 

* i 

Researoh and dovolopaaat* of j 
process,Tor separation of il 

uranluau 

W«740Bhii|-50 

(» 

Columbia 'Jnlveroity 

1 .’Jay 1948 

(X) 

Boo York, I* Y* 

W-7406-«if-74 

(t) 

Purdue Research 
Foundation 

1 lay 19U 

(2) 

Lafayette, lad# 

Furnish facilities and pern 
train personnel* Conduct a 
studies and experimental D 

R-7408-en«-98 

(8) 

Battalia teoriftl 
inatituta 

18 April 19a 

(4) 

Cpluabue, Ohio 

Conduct oertaln etudies and 
lnvsotlgatioas* 

s»-7408-eng-98 

(2) 

Ohio 3tate 'Jbirerslty 
Researoh Foundation; 

1 Ally 19a 
(1) 

Coluabus, Ohio 

Continuation of oork tader < 
OSWor-Md* 

>j-740$-en£-98 

(8) 

f’rlnoeton Snivorsity 

1 Ally 19a 

(1) 

''rlnoeton, V* J* 

Fundamental chemlosl stadia 
barriers and barrier amterK 




.AXIL'iTT&l DISmCT PRIM C0IJ1ACT6 
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07 Front Vi aw of Pilot Plant IJo. 1 (Coda Nanai Gartruda) 













CIS R«ar View of Pilot Plant No. 1. 
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C19 Pilot Plant No* 1, showing a front view of ths Twelvs- 
Stags Cascade as first assecblsd in ths lupin Physios 
Laboratories of Columbia University. Ths diffusers, 
pressure indicators, piping, and valves are shown. 















C2G Pilot Plant No. 1, showing a rear view of the original 
Twelvo-Stage Cascade with Type B Pumps mounted os a 
Common Crankshaft. 
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021 Hoar rl«v» of Pilot Plant No. 2, showing thro* Typo ff 
Punpo. 































C22 Interior View of Pilot Plant lie, 2, showing Diffutara 
and Fraaaura Tranaaittera. During operation, tha 
diffuaara ara housed in a constant taaperatura chausbar# 
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C23 Pilot Plant No. 3A, showing a view of the Uain Inetrur* 
sent Panel* 

































C24 Hear view of Pilot Plant No* 3^, showing the four Top 

stages, and (in the foreground) the '.lot or Coolant Cir¬ 
culating Syeteaw 

















































C25 Pilot Plant No. 3&» showing Stages 2 t 4* and 6, Type 
CS-V Gas Bearing Blowers, Blower Repressuring System, 
«hit she ad Diffusers, Surge Drum, and Heat Exchangers. 










C26 Pilot Plant No* 3^> showing stages 1, 3# and 5, Blowers, 
Diffussrs, Control Instruments, and Sampling Manifolds* 


















CZ 7 View of Vacuum Engineering School, shoving Students 

examining Electronic Equipment used in Leak Detecting 
Apparatus* 
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C2B Vacuum Engineering School, shewing a Leak Detector and 
a Pumping lYagon being assembled* 






















C29 Vacuum Engineering School, showing the U&ss Spectrometer 
Leek Detector. 
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On the Stability and Control of Diffusion Plante* Part 1* 
Ceneepte had Rstfcode • Irving Baplaa and ferl Cohen • 

9 April IMSj Part t* Purthar Development and Appli* 
aatlan af the Wartatlonal Analysis • Ihurl Cehan* Irving 
Baplaa* and Harris Rjer • I Ansiy iMdf Part !• 
Bpdrodynanle Behavior and Critarla far ItsMlitr • 

Harris Mqrsr • T October IMA* H*D*T*R* File Ho* A-692, 

A Pro gran af Bxperinents on the R ydrod y naalc Behavior af 
the M«dtags Filet Plant (Building MOS-tx)* Irving 
■apian* Sdnard H» Careen* and William A* Hleresfberg • 

IS January IMS* R*D,T,R, Pile Bo, A-S186, 

fla Statue af Barrier Develo pm e nt • Be Is Ilex Corporation* 
J, P* Begerton* Bdlter - 1 Septem b e r IMS* Hew Tat 
Area Claaelfted filae* PUa Be* BT 400.111 (Barrlor), 


t 
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Sdb o o n tnsot Bo, 1 enQer oontraot W-74O6-eng-l40 vrith Be 
BouhlUsJn'tle/ Corporation* Ihahattan Diatrlot Class!* 
fled Contraot Piles* 




Bo. 

tu. 



S4» 

S£. 

te, 


»7, 


* 0 . 

•0. 

II. 


K. 


Reference 


Briboontreot So* 8 nader oontraot W-TdOB^bne-lAC with the 
noudnilleWIefshey Corporation. Manhattan Dlatriet 
Classified Contract files. 


Contract W-7406*eng-66 with the Boudaille-tferthey Corpo* 
ration for research* dewelepoant and pilot plant pro* 
Auction of V Barrier, this me superseded tgr oontraot 
TVW06-eng*149 for proeurenent, design, installation 
ef equlpewnt and large Male production of Barrier 
tribes. Madhattan District Classified Oontraot Piles. 

Deport on ■A" Barrier « Sduard Mole, A* • 16 dune IMG. 
M.D.Y.R. Pile Bo. MU7. 


Minutes ef Meeting held 16 dhauaiy 1M4 at Deoatur, 
Illinois • forwarded ty Captain J. 1. Brannan • Pile 
Bo, M-887 General * Case Bo. *501. 
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bak Powder Production • B. A. Color et al. • 16 February 
1M6. B.D.Y.R. Pile Be. U-CI18. 



the Pooping Problenw In 0486 Diffusion leparation Plante • 
B. A. Boorse - 16 Deoesfcer 1941. K.D.T.R. Pile Be, A46. 


OiUfr— Sealed Pusp for Cerroelwe (Bums • B. ?• Booth and 
Butfi C, Paxton • 6 February IMS, M.D.Y.R. Pile Bo. A»U6. 

W Ptsp Doaign • D. 0. B arg oa n t • • B o s ssd i s r &M4. M.D.YJU 
Pile Bo, B*M91, 


Pnoueatieally Operated Metal Diaphrape Puup • B. Y. Booth. 
B, C, Hutton. and D, B, Cook - 17 Ally IMS, M,D.Y«S, 
Pile So, A409, 

Diffusion Separation Plants » J. R. Dunning • IS February 

ms, M.D.Y.R. Pile Bo. A-686. 
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Parrish* 

•7* lift fist on flu Soaring la Pruui flha • B* A* Boors*# 

fli F* Mor f and J* im Undo • SB Bopto rt bor IMS* 
B*D*S*B* Fli* 86* A4807. 

88* Prslhsiaaiy Boport on <fcs Storings • H* A* Booroe* ow F* 

Boater and 4* ft* Mute • 16 tear IBIS* B*D*T*1U Fils 
Bo* A nlttft * 

SB* foot Boport on Vootfla^ionoo flu Soaring Outrifuosl 

Cosp r o o oor • B* A# Boors* st *1* ♦ 19 Shy IBM* M*D*t*R* 
Fli* Bo* A-1S78* 

fsst of teo tenoral Klootrto tea Soaring Bloaor • te F* 
Boater *t al* - 15 Assist IBM* K*I>*T.IU File Bo* 

teem* 

40* Sonflosot l^BIB-ang-Sl with BOstiajfieuo* Blootr&o and 

tenufho-turiag Conpiuy for gut tearing blosoro and 
aotor** Mutattu Motrlot Closolfiad Coatroot Pllas* 

41* InporStental Soparoticn of Qranlun iB o pte a s ty Diffusion * 

B* So Booth# B* C* Paxton* and 0* B* flada - 17 Potruoiy 
1B48* tf*D*T*R* Filo Bo* A406. 

48* Prsoooa • tea Boporatlon Soots • B* B* Pontius ot al* • 

18 i BSoUbor IBM* B*D*T*R* Fila Bo* A411S* 

48* High-Cut Barriar Sooting • L* Dsrldoon# B* A* Biaranberg# 

and C* William •»tO Bush 1944* K*t>*T*ft* Filo Bo* 
44859* 



No* 


Reference 


44. 


Barrier Tests on Bo* i rilot Plant - C* B* Slade and 
D« B* Cook* 13 Kovomber 1944* K*D*T«R* Pile Bo* 


45* 


48* 


49* 


BO* 


SI* 


62* 


S3* 


54* 


66* 


56* 


The Bo* t Pilot Plant * 6* Crotasr et al* * 18 October 
1944* J£*D,T*R. Pile Bo* A-8140* 

Completion Report on Pilot Plant BA - Clarke William 
et al* BO Xovedber 1944* 1LD*T*R* Pile Bo* 4-8182* 

Rydrodynaaio Behavior ef the Bo* 8 Pilot Plant - Irving 
Kaplan* 6 October 1944* li*D.t*R. Pile Bo* 4-2157* 

Operation of Blower • B* C* Paxton and S* Tianer - 
88 July 1944* B*D*T*R* Pile Bo, A-1120* 

Porosity and Life-Plugging feet on tubular Diffueere • 

8* Tianer et al* • tO Ootober 1944* U*D*T*R. Pile 
Bo* 8144* 

Sleotron&o Preseure Transmitter and Self Bnlanoing Belay * 
6* Croner • 18 April 1944* X*D*t*R* Pile Bo* 4-1SQ6* 

Speoifio Beat ef Cranium Besafluorlde • R* T* Booth et al* 
87 Deoesber 1941, R*!)*f»R* Pile Bo* A-07. 

Plovaeter for Cranium Hexafluoride - E* t* Booth et al* 

8 January 1942* B*D*T*R* File Bo* A-88* 

The real Flowmeters «• C* D* Swarts • IE January 1946* 
U*D*T*R* Pile Bo* 44819* 


Report on Analytical Sendee - A* R* Owning - 5 Ootober 
1944* K*D*T*R* Pile Bo* *»U78* 


Testing Xsetopio Co n oent r atlon of Cranium - J* R* Sunning* 
E* T* Booth* and A* von OrWN • July 1940* B*D*T*S* 
Pile Bo* 4-62* 

fbm Counting Method of Xeotoplo Analysis of Cranium - 
Part 1 - D* E* Bull • 18 January I944j Part 8 • Prepa¬ 
ration of Films - Benjamin Cohen and D* E* Bull • 88 
Augwt 1944* M.D.T.R* Pile Bo* 4-1285* 


67* 


Report on 8AJ/ TAouwa Engineering School - C* B* EUls - 
84 July 1944* «*t»*T.R. Pile Bo* 4-2127* 


MimuM 


Status of Metallographio InvootlgatLone of Eleotronlokol 
Barrier* • 0* E* PoXlisior • 14 Ootobor 1948* 1£*D#T*R* 
m* bo* ▲•lEio. 

Eleotron Ittoroaoopo Study of Barrier Structure • L* t • 
Iowan and S, C* Eldnner. * 1 fcnwfc w 1944* K*D#T.R. 
rile Bo* A4UI, 

Bibliography on the Physloal Properties of Qraniiaa 
Hexafluoride* Bolen JOhnoton • 18 July 1944* K*D*T*R* 
Pile Be* <4*1297* 

Bibliography on the Obeedotry of Qnanltn Beaafluorid* • 
Bolen John*ton • «9 *dy 1944* M.D.T.R* File Bo* A*8100 


DELETED 


Boofaaaleel looting of Barriers * C* Book * 13 October 
1948* K.D.T.R* Pile Bo* 4*1888. 

Haemal and Bleotrloal Properties of Barrier htnfial * 
A* R* Buyer ot al* * 18 January 1946* X*D*T*R. Pile 
Bo. 4*8800* 
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for 1*15 P eoe dber 1944 • W* F, lAbbgr * 89 P so on bor 
K*D«T*R* Pile Bo* lf-1489* 


Standard ftretm for testing Diffusion Barriers • B* hrigy 
OtAl. 17 August 1944* K.8.T.R* Vile 10* 4*8184* 


Berlov of Barrier S e par ation fhoory * V* 0* Pollard and 
A* 4* do Bethms * 89 fioooobor 1944* M*D*f*R* Pile 
Bo* AH8194* 


dnioral Bleotrio <Bs »Analys*r * Mario Antomssi • 89 
Doomhor 1944* M*T>*f*R* Pilo Bo* A-S1T8* 


Reference 


Rapid Separation Measurements en Pull Length Tribes • 
Richard R« Bernstein • 27 Ootobor 1044* V.D.T.R. Pile 
Ho. A-SM7* 

Standard Diffusive Measurements en Short Tubular Barriers 
W# A* Schneider# R. Bernstein# and D. Trauger • 1C June 
1944* K.D.T.R. File So* A«tl87# 

Bibliography en the Corrosive Action of Qranltss Boa* 
fluoride# Fluorine# Bydrogon Fluoride# and Fluoro- 
earbons • Bolen dohnston • 16 September 1944# H.D.T.R. 
File Mo. A**101. 

Fluoreoarbon Oils • w# T. Miller * 6 January 1946# 
M.D#T.B, File Bo. A-filfiS. 

fasts en Crane Tklves with 18^40 Seats • S« Tinner# 

F# L# Alexander# end C# S# Clark • 9 February 1945# 
H.D.T.R. File Bo# A4S222. 

Purehase Orders ty SAli laboratories under Contraots 

oeuu-412 

and 

W-T406^eng»60 with ColudtU University. 

Purehase Orders for Spoolal Pressure Transmitters under 
eontraet OBUsredlt and w»7406«ong«60# 

Oontraet W*74lB-eng-40 with General X Iso trio Oonpany for 
furnishing Differential Pressure Panels and Transmitters 
Ihnhettan Distriot Classified Oontraet Files# 

Oontraet M»741 0 «sn g « 68 with Oaneral Sleetrio Company for 
furnishing Mass Itpoetramstsrs and leak Do too tors. 
Hmhattan Distriot Classified Oontraet Files# 

Oenteaet U*7405«eng4l7l with General Bleetrie Oonpany for 
furnishing Reoording das Analysers. Manhattan Distriot 
Classified Contrast Files# 

Contrast W»7418tng-&4 with tty lor Znetrunsnt Oeapaxy 
for furnishing Prooess Plant Inetrusenta. Manhattan 
Distriot Classified Oontraet Files# 

Oontraet W»7418«eng«Bf with Republic Flow Meter Oonpany 
for furnishing Magnetically operated Control falvee* 
Manhattan District Classified Oontraet Files# 


Reference 


Contract *-7407-eng-34 with Ford, Bacon, and Davia for 
the operation of the K-25 Conditioning Plant. Manhattan 
District Classified Contract Files. 

Contract lr-7A05-eng-26 with Carbide and Carbon Chemicals 
Corporation for the operation of the Diffusion Plant. 
Manhattan District Classified Contract Files. 

Contract W-741B-eng-18 with Crane Company for furnishing 
Special Proocaa Valvea. Manhattan District Classified 
Contract Files. 

Contract 15-7405-«n®-34 with Allle-Cbalmers Company for 
A.K.M. cenriees for procurement of equipment for e plant 
to manufacture centrifugal puape for Proocsa Plant. 
Manhattan District Classified Contract Filco. 

Contract *-740$-en&-62 with Allia-Chalaars Coayany for 
design and development and manufacture of Pumps and 
Drivers for Pilot Plant. Manhattan District Classified 
Contract Files. 

Contract W-7405-eng-63 with AUia-Chalmera Company for 
furnishing Pumps and Drivers for Diffusion Plant. 
Manhattan Distriet Classified Contract Files. 

Gontraot W-7423-cnf-H with Whitehead Metal Produota 
Company for plate diffusers for purge system. Manhattan 
Distriet Classified Contract Files. 

Gontraot W-7401-eng-l4 with Linde Air Produota Coopany 
for design and construct Ion of a plant to produce nickel 
amide. Manhattan District Classified Contract Files. 

^ tVtWltu i. I >iB». i 
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Contract w-7A15-eng-35 with A. 0. Smith Corporation for 
furnishing Process Gas Coolers. Manhattan District Classi¬ 
fied Files. 

Report on Discussion of Contracts st Columbia. M.D.T.R. 

File No. A-3256. 

Minutes of "Meeting Held on October 16 in Hoom 776 on the 
8 Stage" - C. h. Binftcr (Kellex). - 2o October 1945, 

Kellex Files. ■ 


Reference 


Final Report on centreote onu«r*106* o?;t4ar*107* GEHer-192 
0BHer*418* anfi Aoeoolated Stibeoatraote# B« 0* Brey • 
to February 1M4* Colu&ia Sorial So* 100 tIR-556# 
S*D*T*R* Fftlo Ho* 1*1988* 

Barr lor Specifications look by The bU*x Corporation* 

8A1 4 Boport dated 14 Uey 1945* SAW #8888 (100*190) by 
Dr* 0* Ki Sarphy* "MOraenelature of Barrier and Sorrier 
BOterlal*” * 

Preljjdmty Deport wader oootraot W*T401*aag»6S with 
California batitute of technology* * Blehard B* 

Badger * 10 8eptuber 1948* Oolwdii Serial So* 

100 Ifr«649* B#D*f,B,JWe So* J*m* 
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B* Oeldeteln* Ber# Fremu* lhad* wiee** Bel* 99* p« 891 
(1886). 

w* Klen* ism* d* Fbyeik* Tel* 66* p. 440 (1998)* 

4* J* fhaoeon* Phil. BOg** Tol* IB* p* 961 (1907)* 

A* 4* Deeps ter* Fiore# Bov«* Tel* 11* p* 916 (1918)* 

Tel* 10* p* 891 (lots)* 

F* W* Aeton* Fhi^SOe* * Tol* 98* p* TOT (1919)* 

Tol* 99* p* 449* 811 (1980)* 

F* W* Aeton "Meet Spectra and leotopee”* Longnane* 
(boon* and Canpaqy (1989)* 
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Minutes of Meeting held 16 January 1944 at Decatur, Ill. 
Those present verst 


kray - Brigpdier General L. R. Grorree. 
l»t. Col. James C. Stovers 
Major A. TaaiaE.ro 
Captain John E. Braman 
ht. Homer D. Ikalker 

Boudallle-Har*bs|r» O wp eia » iu» — 

Mr. C. G. Ostler 
Mr. Don S. Deror 
Mr. Sanford Brown 
Mr. Paul E. Davis 
Mr. J. K. U&cLennen 
Mr. ?». L. Pinner 
Mr. R. C. Smith 
Tr. A. K. Graham 


Keller Corporation - 
Mr. P. 0. Keith 
Mr. A. L. Baker 
Mr. P, B, Gordon 

Columbia Univereity - 
Dr. Harold C. Urey 

Union Carbide & Carbon Camjaur — 
Dr. Merrill 
Dr. George Felbeck 


1. Investigational by E.H. 

Major K (not to be Interfered w/by the minor) 
Minor A modified In eiy nay E.H, desires 


2. Construction 
Build for K. 


3. Plan for K. process. 


K investigational in N.Y. in present org, headed by Taylor. E.H. to furnish 
•raryone needed to fill In that organisation. 

i 

Const, and process changes to be worked out by Kellex w/K.H. advice. 

Stop production of c.ll unnecessary equipment et once. 

BH. to continue in present position. 

XC to take overall supervisory position, will tie everything together from 
beginning to end. Ultimate veto power over differences of opinion within 
overall directives of Kellex as to required specs and deliveries. To be worked 
out in detail by XC and Kellex. XC will secure powders, blend, manufacture 
sheet and furnish to E.H. 

Kellex to coord, product %/ Chrysler and site rnd other outside agencies. 

Stowers to be responsible for.delivery priorities and at$r failures on hin part 
to be reported at once to me or &s* Cheery by phone. 
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BOOK II • (KSEOIJS DIFFUSION (R-26) PROJECT 

VDLULS 2 • RESEARCH 
APPEHDIX "F" 

OLOGSAHT 


Dsfinltion 

a hi£ily nagnstio nstallie alloy aontalning M46 psr amt 
nlokali hU par sent altndmm* and S*10 par aaxxt 
sobalt* 

C4144 • a higily fluorinatsd lSbrisating all suitable for wa In 

aontaot with f luorlne ar mala hexafluoride 
(Boole ¥11). 

Chain raaotion • a raaotloa whioh proaaado In auoh manor that 

adnute. fundanental* ooapono n t entitles raaat with 
ana another in iwh a my that ana ar nora af tha 
produo to resulting fron aaoh fundajssntal raaotion 
aota as a reagent to inititata an identical raaotion 
in adjaoent similar notarial* Xf tha products 
resulting fron a apaoifiad nxaober af fundamntal 
raaotions same tha initiation af an equal (ar 
graatar) nuriber af aaoondary raaotions* tha aha in 
raaotian is aaid to ha self-sustaining ar (Multiplying) 

Komr • a nstallie alloy mad in faming nstal to glass joints* A 

typical analysis would ha t9 par aant niahal# 17 par 
aant sobalt. 0*8 par aant nanganasa* and a traoa of 
inn* 

^'V • -' - 

DELETED 

* 

MPP«*10 • a hlgily fluorinatod plastie satarial suitahls far ma in 

aontaot with fluorine ar uranlun hanafluorida 
(Bask Til). 

Ruolaar fission • tha proosss in wkioh tha nuolaus af an a ton is 

aplit into ssweral parts whioh ara af tha sane ardor 
af mtpiitude. as distinguished fron a process in 
whioh a eaall part af tha maoism, of weifht equal 
to only a snail fraction af the total nuolaus, is 
split off. 


j *52 
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Poly TFL' • ft opoolftl fluorimted plastic resistant to uranium hexa¬ 
fluoride and fluorine* and oo ns latino of ft polymer 
of tetrafluoroethylene (Book 712 )• 



Radioactive decay oonstant • ft nwmrloal quantity mod to express 

the intensity of radioactivity of on element* It is 
xatfcenatioa lly defined os tbs ratio of tbs msaber 
of atoms decaying per unit tine* at a given instant* 
to the number of atom present at that instant* 

^ SAL 62*100 steal * one of a large nuuftur of steels spooified for 

a particular use by the Soolety of Automotive 
Engineers* 

Sylphon • trade nans for a particular typo of oomagated astal 

be Hoes* 

DELETED 


tyoor glass • a oomeroial glass of hi# silica oontent* 
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BOOK XX • OSSEOUS EIPPUSIOIT (K«25) PR0JI5CT 
TOURS £ • RESEARCH 
A’VEHDIX ■<? 
err PERSONNEL 

Bo. Title 

L ley PenenKili ColuAU Area. 

£» Bey Pereonnel, BAK XAboraterlee. 

I* Bey Peneanelf Bell Telephone laboratories 

4. Bey Personnel, Prineeton Ualsereity 

5. Bey Psreoanel, Belles Cerpenttae (Rueureh only) 

6. Bey Personnel, Xnterohetdoel Corporation 

T. Key Personnel, California. Institute of Technology 




Hough. Major B. K. Jr. - Area Engineer frox March 1943 to January 1944; 
administration of research contracts under'the Jurisdiction of the 
Columbia Arse. 

Brorene. Captain S. H. - Technical Advisor to the Arer Engineer on 
natters pertaining to scientific research and development from 
June 1943 to February 1944. 

Gambs. Captain C. C. - Executive Officer from May 1944 to July 1945; 
assisted in the administration of contracts, and the supervision 
of Area Office activities. 

Grot .Ian. Cantain L. L. - Executive Officer from June 1942 to January 
1944. Area Engineer from January 1944 to 1 July 1946; reaponsible 
for adoinietr&tion of contracts under the Jurisdiction of the 
Columbia Area. 

HIeke. Captain K. J. - Executive OXlicer; assisted in the administration 
of contracts, and the supervision of Area Office activities. 

Luke. Ca ntwin C. n. - Technical Advisor to the Area Engineer on matters 
pertaining to scientific research end development from February 
1944 to November 1944* 

hoeenblum. Cantain C. A. - Assistant to the Area Engineer, He* York 
Area; research ©he 1st directing Kellex and SAP laboratory group 
barrier development and quality control problems. 

Mawhinney. It. E. J. (U.S.K.h.) - Assigned for duty to the Patent Ad¬ 
visor, Manhattan District. 

Obcrholtser. lat Lt. A. V. - Assigned for duty to the Patent Advisor, 
Manhattan District. 

fond, let l,t. E. C. - Assigned for duty to the Patent Advisor, Manhat¬ 
tan District. 

Kslsh. lat It. H. h. « Assigned in September 1945 by 4he Manhattan In¬ 
telligence and Security Division to Columbia Area, directing Area 
lrktelliger.ee and Security Section. 

Allan. 2nd It. G. S. - Assigned by the Manhattan District Intelligence 
and Security Division to Columbia Are;?, directing Area Intelli¬ 
gence and Security Section, fro,* January 1944 to June 1945. 

Callender. M/Sst. J. H. - Special Assistant to the Area Engineer; 

Project Architect; prepared social reports for the Are'- Engineer; 
controlled issuance of special process materials t ■> contractors. 




Pzlurzvnakl. li/iict. J. 1. - firected the Property, Procure..ent end 
Lquipotmt Control Section; maintained property records Tor the 
Area Office end for contractors. 

Fischer. P. - Supervised administrative sections of the Area Chfice; 
Chief Project Auditor performing fiunl audit <x. contractors* 
vouchers* 


i 
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Adler. Dr. Edw ard - 


deleted 




Book* Dr . Clifford I. - Supervised roaearoh on methods for tho necliani- 
cal tooting of barrier#; January 1943 ~ December 1944* 

Blanchard. Dr. Edward R. -/ 

DELETED 



9r« PFi ft HEort F. - Conducted roaearoh on gaa bearing blower# and 
their fundamental behavior and design. 


)l* 

L(s] 


Booth. Dr. Kuaene T. - Directed the work of all phyaioa research group# 
concerned with atudiaa of methods for tooting separating effiolen- 
ey and physical properties of barriers, aa well as aaaay mathode 
such aa mass spectrometers, counters, fiaeion analysis, etc* 

Brown. Dr. Earl H. <- Conducted research on the eoapositlon of furnace 
gaaea and the effect of furnace atmosphere on barrier ductility; 
February 1943 - June 1944* 


Brown. Dy r PrfnUlf Br “ Directed the work of all applied eheuietzy 

and chomical engineering groups conoemed with berrier development. 

Brown. Dr. flcnnr - r DELETED 


Cody. Dr. George H. - Supervised research on the synthesis of fluoro- 
earbana; January 1942- April 1943* 

Call than . Dr. A. Dixon - Conducted research on teete end awaeureswnto. 
of the flow of uranium hexafluoride and inert gaoee through bar¬ 
riers. Perfo rm ed early experiments on high temperature fluorl- 
nation of barriers to increase eorroeion resistance. 



- Conducted research on duet plugging end surface 
areas of barriers; JAnuary 1944 - January 1943* 

Clark. Dr. Charlea R. - Supervised research on plant eonditioning pro¬ 
cesses, conditioning equipment and systems; design end life test 
studies an valves; experLimntal operation of pilot plants. 


Coe. Dr. James R. Jr. - Conducted research on the use of fluorocarbon 
oils as lubricant in the presence of uranium hexafluoride; 
December 1942 - August 1943* 



Cohen. Dr. Karl F. - Directed tlie fundamental theoretical and mathe¬ 
matical atudiaa of plant deaign and operation; July 1940 - April 
1944* 

* 
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Ccsk. P»« Crahan ~ tLc PiTt-cti,:: ir. directing and coordinating 

ell research and development studies rith special emphasis upon 
xapjor cdiinistrativc prool«;s* 


DELETED 


Creighton. Dr. K. Jeraaln - Supervised all patent work and acted as 

special consultant and liaison officer between SAP. and Decatur on 
DA barrier production* 




Crist. Dr. Ray H. - Directed and coordinated all reeearoh end develop- 
J meat siudit* conducted for the Manhattan District at the Carbide 
and Carbon Che.JLcp.ls Corporation, SAU Laboratories* 

Cromer. Sylvan - fiujwnrised the eonatruotion and oparatlon of pilot 
plants for tasting barrier performance in isotope separation; 
February 1943 * November 1?44. 


Currie. P *- M. - Assisted and coordinated ell research and 

development, with social attention to adoinletrative duties; 
Associate Director of SAU Laboratories, January 1944 * February 



L(s) 


pay. Dr. Thxnaa G. - Supervised research and development on flow prop¬ 
erties of barriers, microeoopic end heat treatment etudiee; lai>* 
oratory sendees for the barrier production group* 


DeVrlea. Dr. Thomae - Conducted reeearoh on laboratory techniques In¬ 
volved in oorroaion studies and investigated the behavior of 
rubber whan opposed to oorroalve gases; Decanber 1943 “ June 1944* 


DeV.itt. Dr. Thomas W. - Conducted research en absorption and surface 
areas of barriers; January 1944 - December 1944* 


Donelian. Khatohik 0. - Conducted researches on the development of dia¬ 
phragm motors^starting and stopping of gas bearing blowers, new 
types of blowers and blower bearings* 


Punning. Dr. John K. - Directed all research end development on mechani¬ 
cal engineering problems, pilot plants, process o;*erations and 
isotopic methods of analysis; July 1940 - December 194J. Directed 
all re6«arch en the diffusion project at Colombia University from 
July 1940 - December 1941* 

Elgin. Dr. Joaenh C, - Directed research and development of DA barrier, 
including pilot plant production; March 1944 * January 1945; con¬ 
sultant since latter date* 



EXJLio. by, Cecil b» - Conducted research and development ol vacuum test¬ 
ing; directed school for tiie training of vacuum engineers; lebru- 
ary 1943 - July 1944* 


fcr^ctt. Ft, fftul iim - directed all c;ie*iical research dealing with eon- 
sumption, plugging and stabilisation of barriers; with the oorro- 
aion rfiHtoriftla and with the development of fluorocarbons; August 
1943 ** fiovtibtr 1 944 ; conwultant since latter date* 


|>uat* Dr. Charles K. - 
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Finlay son. D* Kenneth - Assisted in the direction of research and de¬ 
velopment of A barrier) planned end organised laboratory and pilot 
plants for this purpose) Maroh 1943 * January 1944* 



Fowler. Dr. Robert b« - Supervised studies of plant conditioning to the 
corrosive action of gases; November 1943 ” July 1944* 


Freed. Dr. Slaon - Conducted rosearch on X-ray diffraction and electron 
diffraction etudiec of eurfacea of materials of plant construction. 

Gilbertson. Dr. Lyle I. i D<*S 

C L_ , DELETED 
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Gottachall. Herbert A. - Supervised operation of the A barrier pilot plant; 
July 1943 - January 1943* 


Grosse. Dr. Arlatld Ton - Supervised research on fluorocarbons, on the 
inorganic chemistry of uranium compounds and on their physical prop¬ 
erties; July 1940 - Deoember 1943* 


Haendler. tr. HaliauthiL - Conducted research on organic and other can- 
teuinating aoterials in plant, end special studies on stabilisation; 
developed control methods for carrier manufacture* 


Hama. Arthur C. - inducted research on meohanieal prob?. 
rius nearing blower; July 1944 * December 1944* 


the 


dealing with ~^p 


Harris, T>. Trooton M. - 


r 
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Clifford Lt-jfci DELETED 

C__!___ 

Haraev. Havo D. - Consultant on general lubricating problems, bearing 
theory arid patent ’metiers concerned with tiie gas bearing blower; 



October iV43 - January 1945 


Hicks. Dr, John f. G, Jr. - Supenrused research on oorrosive properties 
of uranium hexafluoride, dynamic barrier plugging teste end on 
flu^rocaiuoiis; acted aa liaison agent between O/Uf laboratories 
and tno K-25 Site; Leoerber 1943 - January 1945. 


/ At I. - Directed research at- Cornell Um.veral.ty on sub¬ 

contract for measurement of the X-ray diffraction. of uranium hexa> 
fluoric©j July 1943 - June 1944. 


Hu^l. Dr. Dqqeld £■ - Conducted research on the counting netted of iso- 
^topic anajyaia; July x 942 - Koveuocr x943. 


fturley, Carl it. - Conducted research on prooeas variables in DA barrier 
production and operated pilot plant for this purpose. 

Inghraa. Mark 0. - Conducted research and development studies on naas 
apectroneter netted for sassy anc analysis at plant gas mixtures 
and for isotopic abundances in uranium ooqpounds. 

Kanlan. Dr. Irving - Supervised principal theoretical and mathematical 
studies on plant design# operation and improvement. 

KcdLicr. Dr. Jolm S. - Conducted research on phyeieai chemistry ol' uranium 
and fluorine compounds* 


jKnox. Dr. Killians J. - Conducted research on stabilisation of barriers, 
consumption of process gas and corrosion problems. 


ftrant. Dr. Charles A. - Consultant on problems of the inorganic oheoistry 
of uranium ooopounds; October 1943 ~ December 1943* 


, Legea»iiri. Dr. Kobert T. - Conducted research on the development of 
methods for inert gee end separation factor testing of barriers; 
July 1942 - November 1943* 

'V * 


frankau. Charles A. - Conducted research on ■lurry production and testing 
for the D/ barrier pilot plant; September 1944 - January 1945* 


jassettrs. Dr^ i,dvJfe X. - 

c. 

Lewtnaon. Viotor A. . 
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Libby. Dr. ft. f , - Direotad eor* of all cher«istry groups concerned with 
fundamental studies of stabilisation and plugging’ of barriers, con- 
su^ption of proeeso gta by barrier and plant construction materials, 
end the development of new m&wwrltle sue!; ae the fluorocarbons. 


Long. Dr. Karl A. - Conducted research on the ther.odynR.alc properties 
of uranium compounds; January IV Iji - March 1943* 

Ivon. Ft, Aahton li* - Conducted research on the dovelo;>oent of ho barrier 
and the correlation of Ri3 production data* 


Mack. Dr. Edward. Jr* - Directed all research and development on the pro¬ 
duction of A barrier, including process control and pilot plant 
production; November 1943 - August 1944* 


McMillan. Dr. Millap G. Jr. - Conducted researoh on effecta of absorp¬ 
tion of process gas on surfaces in the plant* 



onian. Kdwar d N. W 
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Menke. John R. - Conducted researoh on gas bearing blowers, blower bear¬ 
ings, theory of centrifugal compressors end the engineering de¬ 
velopment of pilot plants for isotope separation* 


Miles. Dr. Francis T. - Supervised research on stabilisation and plugging 
of barriers, and prooess gas consumption* 

Miller. Er. Killian T. - Supervised researoh on fluorocarbons and their 
development for use in the diffusion plant* 

Moore. Dr. Walter J. Jr. - Conducted research on barrier stabilisation 
and consumption; January 1943 * May 1944* 


Murnhy. Dr. Qeorite M. - Directed the administrative work of the Patent 
end Theoretical Croups and in addition waa responsible for all 
technical reports including their editing, reproduction, distri¬ 
bution m6 custody* 


Meubeucr. Emil T. P. - Conducted research on the development and testing 
of steals for gas bearing blowers; March 1943 “ April 1944* 

Newman. hr. Albert S . - Consultant on heat problems involved in the con¬ 
ditioning of ^barrier diflusera; July 1944 ** September 1944* 

Nierenbedg. T.llliam A. - Conducted research on theoretical studies of 
cascades, single stage diffusion units and design of plants for 
Isotope separation; experimental studies of mixing efficiencies 
and barrier separation efficiency* 

Nix*. D r. Foster C. 4 


Norris. Edward 0. - 


DELETED 
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Paxton. Dr. Hu/th C. - Supervised re search on isotope separation In 

single stage systems and on engineering teats of tubular diffusers 
and blowers; January 1943 - July 1944* 

Fellissler. George K. Jr. - Conducted research on metellographie and 
electron microscope studies of structures of barriers and other 
natorlala of plant construction* 

Pontius. Dr* Rax B. - Conducted research and development studies on 
methods for testing small samples of barrier materials for sep¬ 
arating efficiency with ursniur. hexafluoride* 

» 

^ Priest* Homer F* - Conducted rescereh on corrosion of plant materials 
and on the physical properties of ursniur. compounds: V^rch 1V41 - 
June 1944* 


Roberts. Dr. Irvins - Conducted research on correlation of inert gas 
tasting methods used in plants with inert gas separation effi¬ 
ciencies measured in laboratoiy* 


Romanoff* Frank P* / 

T 
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Roth. Dr. Shi ter L. - Conducted reaeurch on sate* of oorroslor*. 


Ruby. Sr. Willard_fi*/ 
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Scatcherd. Dr. George - Supervised research on theory of gas flow through 
barriers; coordinated and interpreted experimental results on bar¬ 
rier theory; sdvieed sjid planned new researches* 


Urev. Dr. Harold C. - Sponsored or directed all research and develop¬ 
ment studies et the SMI Iaboretorler m the separation of uranium 
isotopes by the diffusion method undsr various government contracts 
with Columbia University; December 1941 * February 1943* 

v U$rrr4t«. JRarm C* - ’ 

_ 

Waldrnhana. Dr. Bcmhcpdt ■ 

/ BELrrn.j 


West. L'r. William - Conducted research on the oahfvior of octn.tr i»; 
the presence of flowing uranium hexafluoride; December 1942 - 
Novernier 1943* 



Wiliiantt. Dr. Clarke - bupervised research on apeotrometrie am! other 


apeolaliaed analytical oat hod a, high vacua* and othar typaa of 
taata. and high vaouu* pilot plant davalopaant raaaaroh. ___ 




PERSOKNEL, BELL TELEPHONE LABORATORIES 


rna. Dr. 1. JL - BupwrlMor and aoordlnator of *11 raaeareh and do- 
valapaantror tha Manhattan Diatrict at tha Ball Talaphona Lab¬ 
oratories* 


, 1 


- Supervisor of eonroeion, oaneunption and barrier 
plofflnf studies* 
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- inperviaed antallurgieal and aieroeeople studio cn 
or eaterisle* 


White. A. H. J! 

<L 


^'l II'— »■ 


DELETED 
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KEX FER8CR1B5L, PRBKJETOK DNIVEHSITT 


- Coordinator of Prinooton Qnlvoraltj barrior ro- 
ooaroh aetivltioa. 


- Dirootod roooareh oortc on barrior proportion, and 
dcviaad and auporviood om oaporlnontal tochniqnoo, 

»r. Dr. H. a. - Suponriood and dirootod all roaoarcfa and davolop~ 
■ant otttdioa oonduotod for tho Manhattan Clotrlot at Prinooton 
Qnivoroit/ oa barrior production and uoo* 

» In charge of optical otudloo and totting. 


SI 


1ST PERSONNEL, XEX1EX CORPORATION (RESEARCH OKU) 


Abbott. T* A. • Inst ru—n t Engineer* Participated in the develop—tit 
ef several unique pressure, temperature and flow —souring and eon- 
trailing devises. 

t 

Arnold. J. H. - Diraeter of Kallax raaaareh and developnent. Super¬ 
vised and aoordinatad all raaaareh and develop—nt atadiaa and 
other technical phaaaa of eerie under 06RD and Manhattan Diatriet 
eontraets* 

Baker. A. V - Project Manager in eharga of general adainiotratian and 
naohaniaal engineering - Manhattan Diatriet eontraot. 

- Engineer in eharga of Proaaaa Design* Plannad aaieh 
of the eaqperl—ntal work on barriers, eoiraaien, pilot plant, sold 
traps, vaeunn puaps and aoolars under OSRD and Manhattan Diatriet 
eontraots. Carried eat all the fundanantal aathanatleal studies 
of the diffusion proeess and established the baaie principles open 
uhlah the design of the plant is founded. Also developed the pre¬ 
sses design for the entire plant and auxiliaries excepting utilities, 

gia«r. iw ». h. Mg - Consultant Chealst. Critically reviewed essentially 
all phases of the resesrsh and develop—at work; aided in setting 
of speeifleations and proeedures for large seals nsnufaeture of 
apeoial naterials and continually lnapeoted and eonstruetlvely 
eritlelaed shenieal aapeots of sueh aanufaeturlng units and of the 
large diffusion plant* 

Hobbs. J. C. - Consultant Meehanieal Engineer* Developed a aaaplete 
line of valves of —ique design for vaeunn eerviee* Developed 
special expansion Joint and designed several aodals of aaall seals 
diffusion wits* Also nonsuited an a variety of ether devalspnant 
problans* 

lankins. W. A. - Engineer in eharga of eleaning. Supervised develop- 
aent of and applieation of eleaning mthods* Also supervised de- 
velepawnt work on niskel plating* 

- Ptyrsieist* Developed vaeunn testing teahniquea and 
apeoial vasutan equipaent —dor OSRD and later under Manhattan Dis¬ 
trict oontrests* 

Johnson. Dr. C. A. - Research Engineer* Developed barrier eventually 
used in plant. Also supervised aueh of the experl—ntal work sn 
eorrosion, pilot plant, sold traps and cooler under OSRD and Man¬ 
hattan Diatriet contraeta. Ha also supervised equipaent develop—nt 
tests in conjunction with large plant operation. 

^eith. P. C. - Tice President and Executive in Charge of the Kellax 


05 


Consultant Ptgrsloal Ghsnist. Coordinatstf latar work on 




f 




barrier dcre l opae n t of both lellex and 8AU Laboratorlaa which led 
to the product crantualljr need In plant. 

Watte. 0. W. - engineer In charge of puep department. Supervised all 
developaent work on apeclal proceaa puopa Including Allie-Ch&laere, 
Valley Iron and Elliott Models. Also supervised perfezaance toata 
at factory and plant. 




r mscHRKL, mERcanacAi. corporate* 


4 1 


fflfUflln || f| - Daveloped anthoda for Mount* «1 m dotonalnatlona an 
natal jpowdoraj oloo Motioning nothodo and toohniquoo for olootron 
alaro a oopo owl nation of tho interior and oarfoM of barriora. 


Oobt, Dr, D. M. - Aoolotod with ouponrlalon and ooordination of all ro- 
Maroh and dovolopnont otodioa for tho Dtatrlot at tho BoMaroh 
Laboratorioa of tho Zntorehonioal Corporation. 


_- Suporrlaod and ooordlnatod all naoaroh and dovol- 

agmant atudlaa oonduotod for tho Manhattan datriat at tho BoMaroh 
Labontorioo of tho Intorohonioal Corporation. 


Qroan. M. - dqporviaod niaroaooplo work la oonnootlon with roaoaroh on 
natal pandora. 







OI FKRSONHSLj CAZJFOBMZA 2RSTXTOXK OP TECWOLOOT 


ii4f»r. Dr. L ML - Sqparvlaad and aoordinatad all raaaarah aanduetad 

at iha California Inatituta af Taahnolofjr. O rialnatad and daaalaaad 
aathada far tha atadf of barrlar notarial./ \ 


(7 


DELETED 


_- Cooaultant an tha dataminatioa af pera aiaa in bar- 

ara kgr aaa af fradad aalXaldal particlaa* 
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Ahtrs, w. A«i 8,10 
Aloehoi, 4«tS« 4*81 
AlUf4wn lauufMturins 
Oofn^! Mi l«10 ffi T«fl 
Alai—, 4*7 

Alpi* wakttiBt 6»n ff 
JJnsri—a Bi mi 0—paig, 4*18 

fiflMlWj 4*16 
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4iKi M 

Capper Osnpaqr, 4 «U 
AM kubm*i 12*1 
Ama« 14 

Argooi Mi 6*11 

Altai Ft Wfi Mi 4f4| 64 


Book diffusion, 6i4| 8*6 
B—k pmaorif 8*4 ff, 4*8 ff 
BMkgrraaA «ffNt« 64>| 6.86 
tad>• >•# 114 
Baird AHHlitai 6«84 
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4.18 If 
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14, 4«81 
tax typs, M 

ItrrMkr (an Barrier, A) 

Patching, 4.80 

Pxtatata, Mi 74 

Pigging# 4.8, 4,18, 6*0. M, r ,/ \ 

t Med—35 & «*' 

Por* efta, M, M 
Mr nitali 8.8, 4.9 ff* 4.80 
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Battalia tanorlal tastituta, 4.18 
Booh Boss Oangangr, M6 
tall talephoo* UbMtayi 84, 8.8 a 
4.10, 4.11, 4.19, 4.88, 4.80, 114 
B—ylllta, 8.81, 646 
taut— fli rp n atan# 4.16, Ml 
Blowmt pr w w tai M, 8*18 ff 
lolMtan, 146 
Boor—# Ii A,, 8*1. U4 
Bo4h| 8. In 8.1. 640, U*8 
Braid Brisk Plant, 4.19 
British 4—1 gw, 8,11 
British >—ills Bdbfcer, 646 
taitlsh sal—tiata, 8.10«8.11, 4.8 
Boras, 8. *, 1U4 
Butyl rubber, 8.88 
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8.6, M, 1M 
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OubUi and Oastem Chonloalo Corpo* 
ration, 2*2«4t*8, 2*6, 4*17 ff, 
4#N| 6(0| 8*12 ff| 6|8| 6«I8| 
<»«, 7.8, 11*1, 1UI 
Carbon, 8itf 8.84, 6(18 
Carbon diaddii 4*1, 4.8, 4.80, 
6,14, 6,10, 8,8 
Cao oado, 6*£, 8.9 
Pv r ga , 1,104.80k 8.8, 8*28 ff 
Chain rooation, 8.1, W 
.Chioage Matai Hom C orpo ra tion, 

J 4.18 
Chlorine, 8,8 
Chronic sold, 444, 4.18 
Chrysler Corporation, 4.88 
CloanllwM, M 

Clinton Enginaor Wsria, 8*2, 8*18, 

— 6*20* 7.8 _-.- , n 
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Bttfc, U CT X« l»ionu 

Cold Mirra*, 6*86«6*t6 
Cold spot* 8*11 
Cold traps, f*l 
Colombia Area, 9*8, 11*1 ff 
Colmbla Am Engineer, 1*8, 9*1, 
9*8, 9*4 

Columbia Area Soo t rlty l o oti on* 9*8 
Colmbia Qbiaereity, 2*1, 2*8, 8*4* 
8*1 ff* 8*8, 4*1* 4*8, 4*10 ff, 
4*86 ff, 8*8, 8*9, 8*81* 8*18, 

7*1 ff, 11*1 ff 

OeaproMlon ratio, 8*8 ff, 8*80 
Concoction of p roooa o antorlal* 

UU M, 4*7, 8*8 
Contraota 
OEMs*#*, 8*1 
0BM W 4 0 8, 8*8 

OQtMlt, 8*1, 8*9, 4*14, 4*16 
ORUer-1126, 4*1*4,11 
1M«0l-Onc-88, W& 

M«08oos46, 8*8, 8.8, 11*2 
W-7406-ong-60, 9*1, 8*8, 4*8, 

11*1, 11*8 
«-f406-ong-96, 2*8 
W-7406-eng-Ce. 8*4 
W-M08-onc-148, 8*8, 4*11 
W-7406-aac-M9, 4*18 
W-T407-OOC-88, 8*4 , 

Control aalae, E*8 


Converter, 8*6, 8*9 
Coolor, proooao, 8*5 
Coppor, 4*10 

Corrosion, 1*1, 2*4, 8*10, 4*8, 4*10, 
6*8, 6*11, 6*16, 0*88, 8*1, 8*6, 

8*8 

Oran* Oeapaqy* 6*88, 7*8 
Creighton, B* 8*, 11*8 

Crist, It b*, 11*8 • 

Currie, L* K,, 11*8 


Dooator, Ill*, 4*U<4*18, 4*17, 4*18, 
4*87, 11*8 

Donpotor, J* A*, 8*4 

Deterioration of oqulpnout, 1*1 

Detroit, Kish*, 4*86 

Di ff oo at o, 8*4 

Diffuse r* 8*8 

Diffueiae niaing, 8*11 

Dlstl lotion Produoto, Xno*, 6*88, 
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District Engineer* 8*1 
District Mtoal Bootinn, 9*1 
District Safety taction, 9*1 - 
District Security and Intelligence 
Diala ion* 9,M*S 
Dsy loo, 6*11* 8*88 

PM HPlw gj^d, 8*, 2*1* 8*1, 6*80, 


Bffioloonur of separation* 8*8 ff 
Effosion rates 8*2 ff 
Electron diffraction* 8*8 
Elgin fender, 4*61 
Elisabeth, X* J», 4*38*4*88 
Elliott fowpany, 8*8, 6*11, 6*21* 
6*84 

Elliettatysholn oonproosor, 6*81 
hnitt, P* H*, u«2 
FnpHypos* Anal, 9*2 
Equalising tubes, 8*8 
Equilibria, 8*11* 6*8, 8*7, 7*8 
Ethyl Corporation, 0*1 
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look flow toot, 4.8 
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Leodo and Herthn*>, 6*1S* 6*26* 
6*28* 6.81 
ho fctr omo o h* M 
LlbbjTf K* r*| 4«19| 11*8 
Lind* Air Produota Company* 8*2- 
t*8| 4*10| 4*tB| 4*80| 4(88* T*8 
Lithium f luorldo* 6*34a*86 
luoitif 8*81 
Igran* Hum* 8*18 


Nlotal ohlorlde* 4*88 
Biotal fc yd r o nl do* 4*82* 4*26 
Biotal okI do* 4*9 
Biota 1 pooder* 2*8* 2*4*£«6 
Bio T$ A# 0* C«* 8*1* 6*6* 7*6 
Nitrogen* 8*8* 4*80* 4*81* 6*8* 6* 10 
6*11* 6*14* 6*88* 6*27* 6*86* 8.6 
Hltrouo oxldo* 6*14 
Borrlo* S* 0** 4*10 
BUolear floeion* 8*1* 6*80 ff 


tapfc* E*| *•*, 4*17* 11*8 
Madison Square Aroa* 11*1 
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8*8* 8*9* 4*17 ff* 6*8* 6*16* 
7*4* 9*8* 10*1* 11*1 ff 


Oak Rid go* Doan** 2*8* 8*2* 8*18* 
8*18* 7*4* 7*7 
Oatao Pr o du o t a Plants* 4*18 
Off loo of foientlfle Boooaroh ana 
Development* 8*1* 8*8* 8*8 ff* 


r««* v*v* *«#*» »*•* *• WWUpVOTf •*«* ■*«( n* 

tasoaohuaotto Iaatltuto of Technology* 4,1- 4*11* 7*4* 8*1* 10*1* 11*1 

Aoa a 2* - * *. ■__ a ^ a 


6*80 

Mo Coon Chmleal Compaxgr* 4*18 
Moan fro# path* 8*8* 8*6 
llomary offoet* 6*19 
Memory* 6*104*11* 6*18 
Metal Forming tapaaf* 6*18 
Motalo Dlalntgrating Company* 2*2- 
8*8* 4*82 

Mettyl othal tateno* 4*19 
Miami poodor* 4*82 
Uitaatleoo* Mlo** 8*4 
Moisture* 2*4* 6*8 
Hand earfcanyl pr oo o oa * 4*88 
Meoro Produo ta Company* 6*8* 6*4 

Murpfcy* 0* V** U*8 


Ohio State DdiwiiVi 8*8* 11*4 
Operations Toohaloal tamp* 6*14 
OMgrgoa* 6*14* 8*8 


Paolflo Punpo* ino** 8*26 
Pantograph* 8*84 
Patent Advisor* 11*1 
Polorli* l*i S*U 
Pvrfluorodlnetlqrlcyolohaaaaar* 6*6* 
6*14* 8*84*6*88 

Poof luorohoptaao* 8*8* 7*8* 8*8 
Permeability* 8*7# M ff 
Potrolatun* 6*81 
Phoophor krone#* 6*87 
Photoeoll* 8*88* 6*86 
Ptatoroduotlen* 4*14 
Pilot plaato* 8*4* 4*18* 4*86* 
4*87* 4*89* 7*1 ff 


Baoh laboratory* 4*86* 4*87* 6*16* 

fa. 7*4. 7*8, ta* 11*2 --- 

Bottom! Booo ar oh Corporation* 8*80* Plaetloe* 8*8* 4*8* 4*11* 4*80 
6*16 Plugging* 8*8 

Boon* 8*8 

B outr ono* 6*80* 6*82* 6*88 

Jbroey taohlno Company* 4*16* 


Poly,TFT* 6*6 
Polyleobutylono* 4*89 
Polvo+vrene. 4*11* 4*19 


4*86 

Bov York* B* Y*. 4*86* U*8 
lor York Aroa* 11*1 
loo York Aroa Bnglnoor* Li 
Hletal earbonate* 4*12* 4*13* 4*16* 
4*22* 4*86* 4.86* 4*81 


Porooity* 8*8* 4*8 ff* 4*10* 4*80* 
4*81* 4*86* 4*86 
Pooltlve ion ityt, 6*4 
Pre«fcydmgoaatlan* 8*4 
Prooouro oum* 4*8 

Prlneoton italvorelty* 6*4* 8*8* 11*4 
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rooooo h xir and "aekine Carnrmy, 

4,18 

trpe, 5,1 ff, 7*1 
Ai:!0, 6.19 
CSK, 5,10-6*19 
CsT', 5,16-6,19 
CS-Ofi, 6,19 
I'K), 5,18-6,19 
.'roo«O 0 9 3,0, 4,6, 5,1 ff 
OmIIgoo, 6,16 ff 
Speolal, 3,9, 5,1 ff 
r un In laboratory, 4,18, 7,3 

J 

Tndloaott-ve deaay oanetant, 6,28 
Tadlxn, 4,20, 9,21, 6,28 
lar&ten Copper norfae, 4,18 
neoovary of uraniw, 2,8 
nepdbllo Floe Meter Conpany, 6,8 
Heynolde Metal Corporation, 4,18 
Reynold*a ntnfber, 7,7 
?.oeta blower, 9,31 


Jfcfoty Tnginoor, 9,1 
Salloyllo aoid, 0,38 
Soatelard, %f 11,3 
3oheaeotady, 1*’ 7,, 3,1 
Sohemortaorn laboratory, 4,16, 
4,17, 4,26, 4.37 

Seal revelopoent >oup, 5,13, 5,18 
Seale, puop, 2,3, 3,9, 5,4 ff, 7,1 
Atrcoepherlo, 8,10 
C-618, 0,10 
Dry outcn* 0,9 
>74, 5,10 
-4, 8,18 

5,15-6,16 

rnleaklnn, 8*0 ff V, 

Tnbonaodlatje* 0,10 » 

"lngobury, 5,9 
M3, 5,16 
b-7, 5,10 
Tabyrinth, 3,10 
Out lookin'*, 3,0 ff 
Xxtalde, 5,10 
Hr e ytx ^0 5,23-5,24 
iloovo, 5,9 


Jtub nofl '-. 5,9 . 





4,2 ff. 


4,19, 4,20 

•operation of iaotopoe, 2,1, 3,1 ff 
C*0» 7,1 

sharplea Corporation, 3,2-2,3, 6,11 

Jllloo gel, 4,26, 5,14 

silloon tetrofluoride, 2,4 

silver, 4,10 

•'Iron, F„ 3,10-8,11 

3 innate ter and Treyer, 4,18 

S Xaplr, F, \, 11*5 

slave reoordor, 8,16, 0,26-6,27 

Slope footer, 4,5 

3-d th Corporation, A, o„ 7,8 

Sodlun fydrODclde, 4,23, 6,32-6,38 

Special ohaulaale, 1,1, 3*10, 8,0 

Speoifio flow, 4,4 

Speolflaationo, 2*0, 3*7 

Stability of operation*, 3,11 

54 Stage pilot plant, 3,11, 7*1 

stage, nroooeo, 3,5, 3,9 

Steady atete, 3,4-8*3 

3tofcee ibehine Conpany, F, J„ 8,26 

stroeanua, 3,1 

lulfurle aold, 4,28 


Taylor, rT , 8,, 2,4, 11,3, 11,4 
Tty lor matnnent Company, 8,3 
Teat Floor, 7,1 
Thonton, J, J,, 0,4 
Toluene, 4,39 
^Tonaeanda, ‘T, v ,, 4,58 
'TOur, Too*, San, 4,10 
Trent Tube ifenufaoturing Ccr^aay, 
4,18 

Trlohlorethylene, 4,8, 4,23, 0,11, 
. 0*28 

Troobly obeot, 4,33 
Turbulent mining* 3,11 


Tblon Carbide and Carbon Corpo¬ 
ration, 2,2-?,3 
talvnraity of liloajo, 3*1 
♦ Yilvnrsity of ‘ Ixroao a, 3,1, 6,5 



Irani in-234, 6.20 

Jraniun-235, 1«1, 8,1 ff, 3.8, 3*10, 
6*16, 6*26 

Oj*oy, II* C,| 2*l f 2*4* 3*0, 11*2, 
11*3 


vacuum tighfcnsaa, 3*9, 9*10, 7*6, 
7*8 

VhlUjr Xi'an Works, 6*88 
Virginia pom dor, 4*88 
VOn >M8e, A*, 8*1* 6*80 
Vultaaol* 4*16 
Tyoor floss, 4*8 


liar Department, 3*6 
^Onninf fin* 6*11 
Wattmeter, 6*88 

T’setorn Eleatrio Ocnpnv, 8*9, 11*4 
Peetinchouso Eleotrio and Ifcnu* 
faoturing Company, 8*18, 8*18, 
5*24, 6*28, 6*10, 7*4* 7*7 
Wheatstone bridge, 6*27-6*28, 8*82, 
6*36 

Whitehead llvbal Products Company# 
7*8 

"'ion, W„ 6*4 


Y-18 Projoot, 6*6 


v lnc, 4*10 


